
Fermilab FERMILAB-PUB-07-075-E

���������
	������������������������������ ����!#"$����%&� �(' ��)*%&	+�,%.-/���(���0%12"3	+�%&���).�,%54*-/68797

:<;=:�>�?=@BA�C�DFEHGJI KML<N(;�:+O�AF@HPQGRCSIHTVUXW�;
:�YJZR@HO�AF[\IBT^]�W�;=:�_&EHPQZR`aZbI cdc�ef;Bgh;
:�@H>�[dZ\i�IBT^jlkS;
:+P<A�[MEHZJI LdU�mn;�:+P<EHO�A�EoI UMc
:<;&:+C�GRpd`aGqpMpdZ\r�I cdKtsu;&:�C�EH_RA�AFr�IHTVjh:Q;9:�C=C�Z\r&EoIHTVvhN(;&:+C1`MZRp\IBT^Lhe5;�:�ZR_&EwI cdcugh;9:+x
Zq@B@HEHC�GR[dEoIHT^jhW�;&:�[dEBpdG\i�GJI cMjt:<;�:�[d`aEH_RZ\r�IHTVc

y ;�:+pMz=P<GqC�pd_{Gqp|IHT^jl:<;�:}`a`aGq@oI U�:Q;�:+?�[dEBpdGRC�ZbI LdKl~�;9:+�F��Gq[|I LMK���;9:����FEH����GqDFD�z�A�`a`aGbI LdUl��;�:��F��?�[d[MEwI Ld�l�Q;���GRD�D�z�AF`M`aGbI LdU
y ;=��GqO��RA�`a`|IBT^jh:<;=��GR[d>�GR[dZR��g�GR@H`aEHAF[dEoI Kdv+�Q; �t;9��GR[dC�AFp\I LM�h�l; :<;9��Gq[MC�A�`a`|I KdclkS;���Gq[MZqEBGqC&`{I j��Q;9��GR[d`apdD�zSI U|Thgh;=��GR?�A�[|I UdU
��; ���Q;9��AFGq?�D�z�A�P<EHCSI UML�~};���AFO�A�pMD�z�EwI LM�lk,;���AFz=GR[dEoI KMcugh;=��AF@H@BA�`a`MEBC�EwI LM�XNb;���A�@B@HEHC��RA�[|I cMvh:Q;���A�@B@HZRC�EwI UMUlmn;=��A�C|�aGRPQEHCSIHTV�
:Q;���AF[dAF`Mr|GRp\IBT^jlN(;9��AF[dEBC=�RAF[\I KMvlW�;���AF[d[M��I UM]l:Q;���z�Gq`a`MEoI cM]Xe5;=��EHC�_&@HAF��IBT^j�mn;=��EHpdAF@H@BZbI LdUl�F;=��EH�w�aGq_�I U\T}�X; ��;���@BGqEB[\I K

� ;���@BZ&D�_RA�[|I �t�l;&��@B?�PQA�C���AF@HOSI KMcX:<;9��Z&DFD�EoIHT^�h:<;9��Z&O�A�_(I Ldvh�<;9��ZqEBpdrRA�[M`|I Ldv�gh;9��ZR@H@BGbI Ld�h:<;���ZR@HpMz�Z\r�I UMUtmn;9��ZR[d`aZq@BA�`a`MZJI LM�
N(;&��ZR?=O�[MA�GR?SI Ldj�:Q;&��Z\rRA�EBGbIBT^]t�h;1��[dGR?SIHT^]h��;&��[dEB�q@BEHGRO�Zq[MEwI c � ;&��[dZRP�>JAF[d�JI Ud���t;1��[M?�>=GR_RA�[|IHT^U�N(;1��?�O�Gq�RZ\r�IBT^ct�<; kS;&��?�O�O,I Ldv
kS;9��?�O�O,I KdLhsu;&��?�[d_RAF`M`{IHTVjugh;9��?=pMA�`a`aZbI LdUh��;&��?�pdpMA���I K\T�:<;&��?���GR`M?SI UdLhsu;&��;&���1[d?�P�I KhkS; � GR>=[MA�[MG&�\IBT^�le5; � GqPQx�GRC�A�@B@HEwI Kd]

e5; � GRPQx�>JAF@H@oI UMcX~�; � GRC=AF@H@BEwIBT^jl:Q; � GRC=AFx�GbI LdchkS; � Gq[MEH@H@BZ&�aIHTV�lmn; � Gq[M@HpdP<EH`az,I cdvl�X; � GR[dZRpdEoI LM�tkS; � GR[d[MZqCSI UMLh�l; � GqpMGq@oIHTMT
e5; � GqpMGq[MpdGJI cdL�:Q; � GRpd`a[dZJI ct��; � GR`MGRpd`aEHC�EwI Ld�hmQ; � GR?��&I cdLhe5; � G\r|Gq@B@HEB��k���Zq[M��GJI U+:Q; � AF[d[dEoI KMvt��; � AF[d[MEH`aZ&��I U|T}kS; �Q; � z�GqC��JI KM�

� ; � ; � z�A�CSI T e5; � z�AF[d`aZq_(I j gh; � z=EBGq[MA�@B@HEoI Ld� gh; � z�@HGRD�z=EBO���A1I TVj ~}; � z�@HAF>�GqC�GJI TVj �F; � z�ZJI Kd� su; � z�ZbI Kd� mn; � z�Zq_&z�AF@HEoI T^c
N(; ��; � z�Zq?SI KMK gh; � z�Zq?�O�Gq@BGq_1EHp\I UdU kS; �<; � z&?�GRC��bI cdK su; � z&?�C��JI T^K y ; �<; � z1?=C��JI cMv � ; kS; � z&?�C��JI Ldv e5; � EB@HE �aGq_�I Ld�

� ; �F; � EHZR>�GqC1?,I KdLhe5; :<; � EHZ&DFD�EoI LM�h:Q; � @HGR[d_(I Kd]�mn; � @HGR[d_�I �te5; � Z1D�GJIHTV�ugh; � ZRPQx
ZqpM`MAF@H@BGbI LdUhe5; ��; � ZqC1rqAF[d��I cd]tNb; � ZqC1i�G\��I j
�l; � Z&ZRxJAF[\I U\T�su; � Zqx�EHD1I UMclef; � Zq[MO�A�@B@HEwIBT^v�gh; � ZR[d`aEHGRC�GbI LdUh~�; � [dAFpdDFEHZR@HEoI Ld� � ; � ?�A�C�DFGu:�@HP<A�C�GR[���I j�N(; � ?�A�r|GRp� wIBTdT

�<; � ?�@H>JAF[d`apdZRCSIHTVj<N(; � ; � ?�@H@B��I UMc<kS;=m+Gq��ZRC�D�ZJI LMUXe5;
m+Gq`a`MGJIHTVjXkS;
mQ¡ :�?�[dEHGJI K|T�W�;�m�G\r&EBA�p|I K\T}mn;=m�GR�qAFC�z=GR[d`{IHTVj
��;RO�A+��Gq[M>�Gq[MZbI Ldv�kS;qm�A � A�DFD�ZJI c|T�:<;qm+A�EBpdz�A�[|I KMvngh;qm+A���A�C&`aO�A�D�_RAF[�¢FI LdvQgh;qm�A+�SZR[dAFC���ZJI U�e5;qm+A�@B@w¡H£�[MpdZJI LM�+~�;Rm�AF@H@HEJ�¤GqZR@HEoI LdU

��;9m�AFPQZR[d`aEHAF[\I cd]�N(;9m�AFC=�JIHTV�Xe5;9m�AFC�EHC�C�ZbI cXmQ;=m�A��¤AFO=EBp\I c\T���; ~�;9m�AF[di¥A�C1`|IBT^j¦gh; ��;9m�E}g�EBZ\r|GRC=C�EoI LdL � ;�m�EHZRC�EHpMEwI c|T
�l;9m�E,��?��F��GJI cML�Nb; �X;9m�EH`a`aPQGqC�CSI LXe5;�mQ¡H£�C�Zq��[MEHZJI U � ;9mn§ZR[d[\I Kd�lkS;�m+ZqC�GR`MEoI LM�X��;9m�ZRC��bI ��Nb;�m+ZqC�EBC=EoI LMUXW�;9m�ZR[dEB�qZJI LMU
kS;=m+?=>
A&I cdKXN(;9�¥��[MZqCSI UMvl�<;��¥[M>�GqD�z�AF[\I jhmQ;=��[d[MA�O�A1I KdLhkS;��¥[M[dAFO=A1I KMLl�<;��¥?�pMA�>�EwIBT^jl�<; � ;=~=GRC=�JI KMvXkS;�~
GR[d[MEHC��q`aZRC,I Ud]

�F;&~
AFO�Zq[M_qZJI LM� y ; W�;9~=A�O�ZR[d_RZbIBT^Ut�X;Hgh;&~=A�EB@HOSI �M]lef;&~=A�EBC�O=`{I KM�lN(; ��;1~=AF[dC�GqC�O�AF�&I UdKh�X;&~�EHAF@HOSIHTV��gh;9~,@HGRC=GR�RGqCSI LM�t�X;�~=ZR[d[dAFpd`{I j
kS;
~=Zq[M[dAFpd`aA�[|I jle5;=~=[dGRC=_1@HEHCSI KdK<Nb; � ;�~
[MA�AFPQGRC,I Kdv��F;
~=?=[MEHD1IHTVUXe5;�g�GR@H@BEHC�Gq[MZbI cd]lN(;,g�Gq@B�qGR[dO�`{IHT^KlNb; ��;,g�GR[dDFEHGJI Ld�

~�;�g�GR[d>JAF[dpMZqCSIBT^]t:<; ~�;�g�GR[d¨�C�_qAF@wI Ld� � ;�g�G\��I �d]t�<;�g�A�[M>JAF[dEHD�zSI KdLhmn;�g�AF[dO�A�p|I UMctkS;�g�EBGq�R?SI c|T���;�g�EBGqC�C�AF`M`aEwI Ld�lsu;(g�EH>�pdZRCSI LMj
N(; ��;�g�EHPQP<A�@B@wI LMv � ;Sg�EHC�pd>�?�[d�JIHTVj��<;,g�EBZq_{Gq[MEHp�©1IHT^c�e5;,g�EBZq[MO=GRC�EwI cdLl��;,g�EB[dZRPQEHC�EwIBT^vle5;,g�EB?=C1`MGJI LM�$gh;Sg�EH?�[d�REH?SI KMc

�Q;�g�@HGR�RZq@BA�r�IBT^chmQ;Sg�@BA�C��FEHC�pd_&EoIHTVjXe5;�g�Zq@BO,I Udjl�<;Sg�ZR@HO�pdD�z�PQEBO�`|IBT^��N(;�g�Zq@BO�pd`aA�EBCJª{I LdKl:<;Sg�ZR@HZRpdpMGqC�Z\r�IBT^j�gh;�g�ZRPQA��1IHTMT
gh;Sg�ZRPQAF��� � A�>�GR@H@HZRp\I UdU ef;�g�ZRC�D�z=GR[dZ\r(I cdU £h;�g�ZqC��(«Gq@BA��1I UMK �F;�g�Zq[MA�@BZ\r�I UMj :Q; W�;�g�ZqpMz=G\i�I T^� su;�g�ZR?�@HEHGRC�Zqp|I cM] :Q;�g�[MA�pMA�@BA&I LdU
k,;�g�[MEHC�pd`aA�EBCSI KdK � ;�g�[dZRpdpMZq���¥EB@HD�z�AF[\I TVU �X; � ;�g�[MZq?�xSI TVjh¬ ;�g�[d?�C�O�@HAF[\I KML N(;�g�?�EHPQGR[dGRAFp}O=G � ZRpd`aGJI KdKu ;�g�?�C�G\�&� ¬ C�Gq@BGqCSI UM�
� ;&��Gq>
A�[|I KMv�su;&��Gqz�CSI UMUlk,; �X;���Gqz�CSIHTVjl�t;&��Gq@B_&EHGRO�Gq_&EBp\I cdKh:<;���GqP<EH@H`aZRC,I Kd]l�l; � � ;9��GRC,I LdvlN(; � ;9��GqCSI LMvl�<;9��GqC�O�@HAF[\I cdv

~�;��+GRx�x=GRD�z�A�[|IHTVv�su;��+GR[dGJI cMclmn;=��GR[dA1I cdK�e5;=��Gq[MA&I cd�lkS;=��Gq[MxJAF[\I LdK��<; ~�;=��GR[d[\I cd�l�X; e5;=��GR[d[dEBp\IBT^jle5;=��Gq[M`M�1I LMj
su;1��Gq`aGq_RAF�qGRPQGJI cd]�N(;1��GR?=pMA�[|I � � ;1��G\�&p|I LdK+e5;9��AFD�_�I KM�t:Q;1��AFE �a>JZ1A�[|I Ldch�h;1�+AFEHC�AFPQGqC�CSI KMvhN(;1��A�EBC�[dEHD�zSI Ldc � ;&��A�C�O�A�[MpdZRCSI UdU

e5;9�+AF[dC�O�ZRC,I cdvlN(;9��A�?�pdAF[\I Kd�lmn;9��EHO�Gqp|IHTV� � ; k,;9��EH@H@®ª|IHTV]lmn;=��EH[MpdD�z&>�?�AFz=@oI KM��:<;9�+Z&D�_RAF[\IHTVjh:Q;��+ZR@H@BZ\i�G\��I KdKtkS;9�+ZR?SIHT
e5;=��ZR?=@BO�A�CSI UM]<kS; � � ;���pd?SI v<�l; W�;���?�YJPQGRCSI LdKX�X; ��;=��?=�Rz�A�p|I UMv ¬ ;
��?�pdAFPQGqC�CSI �M]XNb;���?�pd`aZqCSI Ud�<Nb;��wC�DFGqC�O�AF@HGJIHT^]

gh;9�wC&`a[dZR���FEwI Ld�te5;9�wZq[MEwI c|T�:Q;&�wr|GRC�Z\r�I jh�h;9�w�1?=`aEHCSI UdUl�t;&NqGqPQAFp\IBT^jhmQ;9NqGqC��JI cMKh�l;&N1G\�RGq`aEH@BGq_|GJIHTV��mQ;�NqA�GRC�p\I c|T��t; N(;1NqA�ZRCSI Kd�
kS;=N1EBC�O=GR[dEBGqC�EoIHT^� y ;�N1ZRz�C=pMZqCSI j�e5;�N1ZRC=AFp\I Ld�hsu; su;�NqZ&ZbI Kd�lkS; � ;=Nq?=CSIBT^K�N(; ��;9N1?�C��bI Kd�lW�; �X;=Nq?�C=_(I KdLlW�;�shGqPQZRCSI cMU

��; ��;1shGq[MD�z�EHCSI cM� � ;&shGR`MZJI L|T � ;&shAFPQxSI KM�h�<;&shAFx�z=GR[d`{IHTVj ¬ ;&shAF[d�FA�@oI KM�t�Q;9shz�Zq`aEH@BZ\r&EHD�zSI cdU��h;9shEB@HPQEBC�pd`aA�[|I UdvhmQ; �<;�shEBP�I KM�
�<; kS;&shEHP�I Kd�tNb; ��;qshEHP�I Kd�te5; N(;1shEHP¯IHT^j�k,; �l;1shEHP¯I Kd�hkS; �Q;1shEBP�I cMc � ; su;1shEHP�IBT^Ut�<;&shEHP�?�[dGJI cdc+��;1shEB[dpMD�z,I ��kS;1sh@HEBPQAFC=_RZJIHT^�
ef;&sh@B?=`aA1I UdUl�l;&shC&?�`aA�pMZqCSI UdUt�l; �X;�shZJIHTV�tsu;&shZqC�O�ZbI cdjhmQ; N(;&shZRC��bI Kd�hN(;&shZRC�EH�Rpd>JAF[d�JIHTV��:<;�shZR[d�1`MZ\r�IBT^�+:Q; �Q;9shZq`wi¥Gq@oIHTV�

:Q; � ;=sh[MGqGRCSI LdchNb;=sh[MGq?�p\I KdLhe5;=sh[MA�x�p|I Kd�hNb;�sh[MZq@B@wI Ldcl�Q;�sh[d?�PQC�GRD�_�I Lhe5;=sh[M?�pdA1IHT^�l�<;�sh[M?�`MAF@H�RZ\r�IHTV]hW�;=sh?�>JZJI cMc
kS;&�t;&sh?�z�@HPQGRC�CSI KhW�;&sh?�z=[|I KM�h�Q; ��;9sh?�@B_|Gq[MC�EwI cM� � ;&sh?�pdGR_|GR>JA1I cMjhk,;&shi¥GqC��JIHT^U�:Q; W�;���GqGRpdGRC�A�CSI Ld�tkS;&�SGREwI UdLhkS;&�SGRPQEoI Ld�
kS;9�SGRPQPQAF@wI T^j e5;&�SGRC�D�GRpd`aAF[\I U|T �X; ��;&�SGRC�O=AF[\I j su;1�SGRC�C�ZqCSI UMv :Q;9��Gq`azSI cdK gh;&��Gq`aEHC�ZJI LM� �F;9��GR���FEH�F��AF[dGJI LMU W�;&�SA � ZRPQx�`MA1I K

�t;��SAFA1I cdU Nb;=��A�A1I LMv Nb;���A�A1I KM� � ; Nb;=��A�A1I KM� kS; y ;=��A�A{°qI cdU �X;=��A��o±AFr&[dA1I KM] �Q;��SAFZqC�GR[dO�ZJI UdU kS;=��AFZqC�A1I Ld� kS;=��AFr&��I TVU
N(; mn;
��A�i}EBp\IBT^j � ;=��EHCSI �M] � ; kS;��SEBC,IBT^jXef;=�SEBC=O��R[dAFCSIHT^jl��;=��EHx
A�@BA�p|I v<:<;=��EHpM`MAF[\I jXmQ;H£h;
��EH`ar&EBC&`MpMA�r(IHT^j�W�;=��EH?SIBT^j

�Q; kS;=��Z&D�_&�RA�[|I Ldch:<;=��ZR�qEBC=Z\r(I �d]he5;��SZR[dAF`MEoI LMU��X; ��kS;���?SIHT}mn;��S?�DFD�z=AFpdEoI LMUX��;9�S?|�aGRCSI Kdv���;9�S?�_RA�C�p\IBT^j�gh;=��?�C��q?SIHTV�
��;=���qZRC�p\I LdKhN(;��S�1p\I KMvl�<;��S�1pdGR_�IHTVL���;9�S�&`a_RA�CSI LM�X��;9e�GqD�_(I Kd�lmQ;
e�GqD1²�?�A�AFCSI UdLl�X;=e�GRO�[dGR_�IHTVjhsu;=e�GqAFpdz�EBPQGbIBT^j

su;&e�Gq_&z�ZR?�@wI UMUhW�;&e3GR_&EoI KdUh��;&e�GR_&pdEBPQZ\r&EHD1I KMctkS;�e�GR@HO�A1I LdKhkS;9e�Gq@BEH_�I U\Thgh;9e3GRC�D�GJI UM]h~�;&e�Gq[M�qGR[dZR@HEoI c��X;9e�Gq[M�qEBC=AFGRC,IBT^j
� ;9e3GR[dEBC�ZbI Kd� � ; ��;&e�Gq[MEHC�ZJI KdLl:<;�e�GR[d`aEHCSI �M]lef;9e�Gq[M`MEBCSI Kdcl�<;=e�GR[d`aEHC
³1I K\T}ef;9e�Gq[M`F«´ C=AF�1I Uh�X;�e�GR[d`µ«´ C�A��F����Gq@B@HGR[�«´ CSI UMK

W�;&e�GR[d?��qGRPQGJI cMct��;1e�GqpM`M[MGqC�O�[dAFGbI c\T¥W�;&e�GRpd?�>�?=D�z�EoI cdch�<;&e�Gq`apd?�C�Gq�RGJI cdc�ef; �t;&e�GR`M`apdZRCSI cd�h�X;&e�Gq�FEHC�EoI UdLh��;&e�GR���FGqC1`MEoI c
su; kS;9e3DF~=Gq[M@HGRC=OSI Ldvh��;9e3DF�wC&`w�&[MA&I cdUh�X;9e3DF��?=@B`w��¶bI Ud]l:Q;9e�A�z1`MGJI UM]���;&e�AFz&`MGR@HGJI KMUlk,;9e�A�C��FA�P<A�[�·
IBTdT�:Q;�e�A�C��FEHZRC=A1I LM�
��;�e�AF[d_RA�@oI Ld� � ;9e�A�pM[dZRx=EBGqCSI cd]l:Q;�e�A�pMpdEHC�GJI UM��W�;9e�EHGRZbIBT^jl�<;=e�EH@BGqO�EHC�Z\r&EBD&I �lN(;9e3EB@HAFp\I UdU��<;�e�EH@H@BA�[|I UM� � ;�e�EH@H@Bp\IBT^]

e5;�e�EB@HC�EH_�I Kd��:Q;�e�EH`a[dGJIHTlgh;�e�EB`MpMA�@BPQGq_1z=AF[\IBT^�l:<;�e�EH�RGRPQZq`aZJI KdjhkS;�e3Z1A�OSI KM]l�Q;�e3ZR�R�qEoI ch�l;9e�Zqz�[\I � � ; kS;�e�Z&ZRCSI KM�



¸

�X;1e�Z&Zq[MA&IBT^j+ef;1e�ZR[dAF@H@BZbI Ld����;1e�Z\r&EB@H@BGX~=A�[MC�GqC�O�A��1I KMvtN(;1e�§?�@HP<A�C�pd`{§GRO=`{I KMvt:<;9e�?�_&z�AF[^�aAFA&IBT^jtW}zS;1e�?�@H@HAF[\I Kd�t�X;1e�?�PQ��ZR[dOSI KMc
��;&e�?=[MGq`{IHTVjhe5;9e�?�pdpMEHC�EwI chN(;&��GqD�z&`aPQGRCSIHT^j�:Q;9�+GR�RGqC�ZJI cdc�N(;1��Gq�RGqC�ZRPQGJI cdj�su;9��GR_|GqP�?�[dGJI cMc��F;&�+GR_|GRC�ZbI Ld]h:<;9��GRx=EBA�[|I cM�

�Q;9�+AFDF?=@BGbIBT^� � ;���AF?,I Ldc�e5; kS;���AF?=>�GR?�A�[|I vlN(;9�+EBA�@BpdAFC
¹(I Kdv���;���Z&O�?�@HPQGRCSI K¦£h;9��ZR[dC�EHAF@H@BGbI U���;9�+?�[dpMA&I U\T�kS; �<;S£�zSIBT^�
� ; mn;�£�zSI KM�X�F;,£�_&pd?��FEHGRC,IBT^�lW�;�£�_&?�pMG\i�GJI L\T��X;S£�@HO�A�P<GqCSI UM]<�X;,£�[MG\r|GJI KdUlsu;S£�pd`aA�[M>JAF[d�JI KdU � ;��¤Gq�R@HEBGq[MZqC�A1I Ld�

��;=�¤GR@HAFC�D�EBGbIBTdT��<;=�¤GRx�GqO�EHP<EH`a[dEHZR?SIHTVj�:<;=�¤GRx�GqEB_qZRC�ZqP<Zq?SI KM�t:<; :<;
�¤Gq[MGqP<ZqC�Z\r�IBT^Ut�l;��¤Gq[M_&p\I UdvhkS;=�¤GRpdz�GRxJZR?�[\I UML
Nb;&�¤Gq`a[dEBD�_�I TVj gh;��¤GR?�@HAF`M`aGJI cdL e5;9�¤Gq?�@BEHC�EwI T^K � ;&�¤Gq?�p|I UdU mQ; ��;&�¤A�@B@HAF`M`{I j :<;��¤AFC���ZJI cML W�; Nb;9��z�EH@B@HEHx�p|I T^� gh;9�¥EBGqDFAFC&`MEBC�ZbI Ld�

Nb;=��EHAFO�[dGJI LdL ��;���EHC�AF[dGJI TV� su;��¥EB`M`ap\I KdL � ;���@HGR�RA�[|I � ��;9�¤ZRC=O�[MZqP�I cdvlº ;=�¤ZR[d`aA�@B@wI U £h;��¤Zq?�_&z�Z\r�I T^c �<;=�¤ZR?�C=O�AF[\I LdK
~�;��¥[MGq_RZqpMz&�&CSIHTVch:Q;��¥[MZqC�_RZbIBT^jhNb;=��[dZR?=O���Z&ZR`{I Kl~�;
��`MZRz�Zqp�»|IHTVv$gh;=�¥?�C���EoI LM�XNb;=��?=[Mpd@BA���I KdclN(;���GqO�AFPQGqD�_RAF[�ªµI LMK
:<;=��Gqz�GRPQGRC,I Ldj��Q;���GqPQGR_&[MEHpdz�C�GRC,I cdvh�<;
��GqC|�aGRCSI Ld���F;9��AFO�ZqC�O�ZJI UdK��l;���AFEHpMA�[M`|IBT^jl�<;=��A�_RZ\r&EBD&I Udjl��;=��AFC&`MZRCSI LMK

ef;9��A�pMD�EB�qC�ZJI c|T}kS;���EBD�z&`aA�[|I Kd�l~�;9��EHPQZRC�O�EwI c���;=��EHpM`MZR[dEoI Ld�l:<;=��ZR>=pMZqCSI K\T�W�;���Z&O�[MEH�RZbIBTdT��t;9��Zq�RAF[dp\I KdLhkS;9��ZR@H@BEwI cd�
�<;9��ZqpMA�[|IHTVjhef;���ZqpMpdEwI cdLh�X;9��ZRpdpMEHCSIHTV]l��;���Z\��I UdLh:<;=��?�EH�1IHTdT}N(;&��?�pdp|IHT^Kl�<;=��?�pd?SIHTVUl�Q;�k=GRGR[dEH_1_qZJI KMUt:Q;9k�Gq��ZRC�Z\r�I cMU
y ; su;9k�Gq_1?=P<Zq`aZbI Ldv�gh;9k=GR@HGRPQGRC�C=GJI c|Tl£h;�k�GR@H`9«ZbI U���;9k=GRC&`aEwI cdL�k,;9k�Gq[M_|GR[\I c|T���;9k�Gq[M`MZR[dEoI Ld�hsu;9k�Gq`aZJIHT^jl��;9k�G\r|Gq[MOSI UdL

:<;9k�G\rRZ\�&����G\r|GR[d[MZbI LdL�W�;�k�D�z�AFEHO�@HA1I KM����;&k�D�z�@HGR>�GqD�zSIHTVjt��; ��;9k�D�z�PQEBO=`{IHTVjlef; ��;&k=D�z�PQEBO�`|I �d]�ef;&k�D�z�PQEH`a`{I Ud��W�;&k�D�z&i�GR[d�1I j
��;=k�D�Z1O=AF@H@BGq[MZbIBTdT�:<; ��;=k�DFZq`a`|IBT^]�:Q;�k�D�[MEH>�GqC�ZJI LM��~};�k�DF?=[MEwI Ld��:Q;�k=AFO�Z\r�I LM�lk,;9k�A�EBO�A�@oI Udj � ;=k�A�EB�qGJI L|T�:Q;�k=AFPQAFC�Z\r�IHTVc

��;9k�A�¼&`aZRC=��shA�C�C�AFO=�(IHT^jh:<;9k=���1[d@HGJI KM]hkS;  ;&k=z�GR@Hz�ZR?=`{I cM�lef; mn;9k�z=GRx�EH[MZbI KdvhW�;&k�z=AFGR[dp\I Ud]h��; ~�;�k�z�AFx=GR[dOSI Ldjhmn;9k�z�A�[MPQGqCSI KdK
e5;1k�z=EBPQZ\�aEHPQG1½9I cMcte5;1k=z�Z&D�z�AF`|IBT^U � ;1k�z�ZqCSI cdvt�F;qk�z�[dAF�&>
A�[|I Kd]+:Q;1k�EBO=ZR`aEwI LM�t��;qk�EHC�AF[drRZbI UdL�:Q;1k�EBpdGR_&�qGRCSIHTVc+:<; Nb;1k=@BGq?��Rz&`aA�[|IHT^j

N(;&k�@HGR?�C&i}z�EH`aA&I Udvlsu;&k=@BEHi¥GbI cd�hN(; �X;�k�PQEB`MzSI jl~�; mn;�k=C�EBO=AF[\IBT^jh�X;9k=C�EBz&?�[\I UMLlef;&k�Z&O�AF[d>JAF[d�JI UMch:Q;9k�Zqz�GJI jhkS;9k=ZRPQGR@Hi¥Gq[|I cdK
�<;�k�ZR[dEBC,I Ud�hNb;9k�x�GR@HO�EHC��JIHT^jl~�;&k�x�EHC�AF@H@HGJI LM�lW�;�k�x�[dAFEH`a��AF[\I UdLh��;&k�¾&?�EH@B@HGRD�EBZq`aEwI Ld�le5;9k�`aGqC�EB`M�F_&EwI �d]l:<;�k�`aG\rqAF[dEBpd���¤ZR@H�1_|Gq@BGqp|I LM�

�X;1k�`|;&m�AFC�EHp|I K\T��l;1k�`MAF@H�FA�[|I ��£h;1k�`aA�@B��AF[d� � z�EH@H`aZRC,I LdK+mn;&k�`MAFC&`a�&I Ud�hN(;Rk=`a[dZR@HZR�RGqp|I Udj�mn;&k�`a?=GR[d`{IHTV]tN(; kS;1k=?�zSI KM�h:Q;1k�?�_&z�GRC=Z\r(IHT^�
�Q;9k�?=CSI cd� �F;�k�?�pd@BZ\r�I TVc W�;&k�?���?�_&EoI cMc :<;�WSGqY
Gq[MO
¿1I KML �<;9W,GR_|GRpdz�EHP<GbI Ld] � ;9W,GR_RA�?�D�z�EwI cdc �X;�WSGqC�GR_|GJI Ld] e5;9W,AFD�D�z�EBZbI Udc

��; su;&W,AFC��bI T su;&W,AF[dGRpdz�EwI cd] Nb;9W}z�ZRP�À&I T^j :Q; kS;9W}z�ZRPQx�pdZRCSI K\T ��;&W}z�ZqPQpMZqCSI Ldc ��;&W}EHx�`aZqCSI �M] �Q;&W}EHi¥Gq[MEwI T^K kS;&W}_|GqDF�F�&_�I TVj
mn;9W,ZR>�GqD�_(I cdUhkS;9W,ZR_|GR[\IHTVLlsu;9WSZq@B@HAF��pdZRCSI Ud�lW�;9W,ZRPX?�[MGbI cdchmn;�W,ZRC�A�@B@HEwI Ld�lkS;�WSZq[M[dA1IHTVvhmn;=WSZq[M[dAF`M`aGJIHT^jhkS;9W,ZR?�[dC�A�?�[|I LdL

y ;�WS[dEBpdD�z&?�_�I UdLtkS;&W}pd?�C�ZbI Ld] � ;�WS?SI Ldcl�<;&W,?�[dEBC=EoI LM��~}; ¬ _RA��RG\i�GJI cMctkS; ¬ ZR��?�PQEoI cdclkS;&�¤Gq@B@HAFD�ZR[dpMGbI Kd]t�<;&r|GRC$��A�PQZR[d`aAF@wI KMU
:<;��¤GR[d�RGqC�Z\r�I Udc+�t;&�¤GR`MGR�qGJI UMjt~�;&�¤GR��¾&?�AF�|�MIHTV�ugh;��¤AF@HAFr�IHTVjugh;��¤AF[dGRPQAFC�O=EoI KMLh�Q;9�¤A�pM��x�[MA�PQEoI LM�hef;9��EHO�Gq@oI UMKh�<;9��EHO�Gq@oIHTVj

�F;=��EH@HGJIHTMT��X;=��EH@BGq[|IHTMT�W�;��+EBC=A1I U|T��F;��¤Zq@B@H[MGq`azSI UdL��F;=�¤ZR@HZR>JZR?�A�r ° I Kdv$gh;=�¤ZR@Hx�EwI Ld��~�; y §?�[d`az&i�AFEHCSI vX��; y GR�qC�AF[\I cdU
�X;Hgh; y GR�RC=AF[\I Kt�X; ��; y GR�qC�AF[\IHTVjtN(; y Gq�RC�A�[|I KM� y ; y Gq�RC�A�[|I KM�t�X; y Gq@B@HC&�(I �tkS; e5; y GRC��bIBT¥:Q; y Gq[M>=?�[M`MZRCSI UdLhmQ; y GR`MAF[dp|I U\T

e5; y A�EBC&>JAF[d�RAF[\I cMU y ; � ; y A�pM`MAF[��a�M�FIBT^jX�l; y z�EH`aAFz=ZR?�pdA1I cM�XmQ; y z�EH`aA�pMZqCSI LMcX:<; �h; y EHD�_1@H?�C�O,I K<��; y EBD�_&@H?�C�OSIHTVj
gh; y EH@H@BEHGRPQp\I UdLX�Q; �Q; y EB@H@HEBGqP<p\I LMc<��; y EH@HpMZqCSIBT^j<�h; ��; y EHC�AF[\I Udv<��; y EH`a`MEBD�z À IHT^jXkS; y ZR@H>
A�[Mp\IHTVj � ; y ZR@H��A1IHT^U

W�; y [MEH�Rz&`{I Udc º ; y ?SI Kd]�kS; e5; y �&C�C=A1I UM]X:<; � Gq�REH@oI vlsu; � GRPQGRPQZR`MZJI L|T�N(; � GqPQGRZR_|GbI cdKhW�; � GqP<GqpMz=EB`MGJI LM] � ; � GRC��bI �d]
¬ ; su; � GRC=�1Á|IBT^U � ; � ; � GRC��bI Kd� y ; e5; � GqZJI KMvugh; ��; � A�zSIHTVjlN(; � ZqzSIHTVjlsu; � ZR[dEB`MGJIHTVUlW�; � ZRpdz�EBO=GJI L|Tlgh; �l; � ?SI Ldvl�F; � ?SI Kd�

kS; kS; � ?SIHTVjQN(; � ; � ?�CSIHT^j<��;  GRC�A�@B@HZJI c|T�:<;  GqC�AF`M`aEwI cdLX�F;  G\i�I KdK º ;  z=GRC��bI KdL�N(;  z�ZR?SI cdKXGqC�O�kS;  ?�D�D�z�AF@H@HEBc
Â � m+~ � Zq@B@HGR>JZR[dGR`MEBZqCSÃµÄ

ÅoÆwÇ1È É�Ê®É�Ë�É�Ì�ÍMÎhÏ�Ð|ÑFÈaÊHÒ�ÈaÓ}ÔSÒ Õ|Ö|Ì�×�ÊHÕ$Ø1Ê®ÇqÊ®Ò Õ|ÓlÙqÕ{Ê ÚRÌ�Ê®ÓlÙqÕ{Ê®Û�Õ|ÇÝÜ{Ü|Þ|ß|à|Ó�á�Ì�Ú�Ë�â�ãäÊ®ÒQÍMÎ�åJÐ|Ê®ÇqÕ
æaÔ¤ç�è�Í|ÇqÇ1Ì¯é�Õ|É�Ê®Í|ÇqÕ|ã�ê&Õ{âaÍ{ç�Õ|É�Í|çaÑFÓ<Ô¤ç�è�Í{Ç1Ç1Ì�ÓlÆwã®ãäÊHÇ1Í|Ê®È�ë|ì|í{î|à

ï ÆwÇ1È É�Ê®É�Ë�É�Ö|Ìhð(Ê®È Ê®Ò Õ<Ö�ñ Ô¤ãäÉ�Ì�È�òSÇqÌ�ç�è�Ê®Ì�È Ó�ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Õ|É�Ô¤Ë�É�Í|Ç1Í|×+ÕQÖ|Ìhõ�Õ{ç�Ò Ì�ãäÍ|Ç1Õ{Ó¤òSö^ì|÷|Ü|à{î|Ó¤õ�Ì�ã®ãäÕ|É�Ì�çaç�Õ¯ø�õ,Õ|ç�Ò Ì�ãäÍ|ÇqÕMù�Ó�ØµÚRÕ|Ê®Ç
ú�õ�Õ|ÑFãäÍ|çûó(Ç1Ê®ô�Ì�çaÈ Ê®É�ÑFÓ�ü�Õ{ÒaÍ{Ó¯ÙqÌ�ý�Õ|ÈÿþMë�þaà|÷

� ÆwÈ É�Ê®É�Ë�É�Í$é�Õ�� Ê®Í|ÇqÕ|ãäÌQÖ|Ê¥ð(Ê®È Ê®Ò Õ�é�Ë�Ò�ãäÌ Õ|ç�Ì�Ó�ó(Ç1Ê®ô�Ì�çaÈ Ê®É�ÑuÍMÎtõ,Í|ãäÍ�è�Ç1Õ|Ó}Æwö^í|ì|Ü{ß�þ�õ�Í{ãäÍ�è�Ç1Õ|Ó}ÆwÉ�Õ|ãäÑ
� õ�ç�Õ|Ç1Ö|Ì�ÊHÈÿó(Ç1ÊHô�Ì�çMÈ Ê®É�ÑFÓ�ü�Õ|ãäÉ�Ð{Õ|×�Ó��QÕ{ÈaÈ Õ|Ò�Ð{ËRÈ Ì�É�É�È�ì|ß|ß|Þ|í

��ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ�ÍMÎ$åJÕ|ãäÊ Î Í|çaÇ1ÊHÕ|Ó��¥Õ|ô�Ê®È Ó	��Õ{ô�Ê®È ÓuåJÕ|ãäÊ Î Í|çaÇ1ÊHÕ3à{Þ|ë|Ü|ë

 ó(Ç1ÊHô�Ì�çMÈ Ê®É�Ñ$ÍaÎ¦åJÕ|ãäÊ Î Í|çaÇ1ÊHÕ|Ó}ê&Í|ÈXÔ¤Ç1è�Ì�ãäÌ�È Ó+ê1Í|È<Ô¤Çqè�Ì�ãäÌ�ÈaÓ<åJÕ|ãäÊ ÎwÍ|çMÇqÊ®Õ$à|ì{ì|ß|í
� ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ¯ÍMÎ¦åJÕ|ãäÊ ÎwÍ|çMÇqÊ®Õ|Ó�Ø1Õ|Ç��¥Ê®Ì è�Í|Ó�ê1Õ�\Í{ã®ãäÕ|Ó<åJÕ|ãäÊ Î Í|çaÇ1ÊHÕ¯à|ß|ì|à|î

Å�� ó(Ç1ÊHô�Ì�çMÈ Ê®É�Ñ�ÍMÎ�åJÕ|ãäÊ ÎwÍ|çMÇqÊ®Õ|Ó�ØqÕ|Ç1É�Õ¯õ,Õ|çMâ Õ|ç�Õ|Ó�Ø1Õ|ÇqÉ�Õ¯õ�Õ|çaâaÕ{ç�Õ|ÓQåJÕ|ãäÊ Î Í|çaÇ1ÊHÕ¦à|î|Ü{ì|ë
ÅwÅwÆwÇ1È É�Ê®É�Ë�É�Í¦Ö{ÌQð(Ê®È Ê®Ò Õ�Ö|Ì�åJÕ|ÇqÉ�Õ|â�çMÊHÕ|ÓhåJØqÆFåJö�ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ�ÍMÎnåJÕ|Ç1É�Õ|â�çaÊ®Õ|Ó¥î|à|ì|ì{Þ¦Ø1Õ{Ç1É�Õ|ÇqÖ|Ì�çMÓ}ØµÚRÕ|Ê®Ç

Å�æ åJÕ|çaÇ1Ì è�Ê®Ì��QÌ�ã®ãäÍ|Ç ó�ÇqÊ®ô�Ì�çaÈaÊHÉ�Ñ�ÓlÏ�Ê®É�É�È â�ËRç�è�Ð|Ó�Ï=Ô Ü|Þ{ß|Ü|î
Å�ïaò�Ç1çaÊ®Ò Í¯ð&Ì�ça×�Ê}ÆwÇqÈaÉ�ÊHÉ�ËRÉ�Ì�Ó<ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ$ÍMÎ�åJÐ{Ê®Ò Õ|è�Í|Ó<åJÐ|Ê®Ò Õ|è�Í|Ó�Æwã®ãäÊ®ÇqÍ|Ê®Èhë|ì|ë{î�þ

Å�úqåJÍ|×+Ì�Ç1Ê®Ë�È�ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ�Ó¤÷{í|ßQí|÷Qõ,ç�Õ|É�Ê®È ãäÕ|ô�Õ{Ó¤Ø1ãäÍ|ô�Õ���ÊHÕ��¤ÆwÇ1È É�Ê®É�Ë�É�ÌlÍMÎ}ò�ý�ÚRÌ�çaÊ®×�Ì�ÇqÉ�Õ|ã�ÏSÐ|ÑFÈ Ê®Ò�È Ó¤ì|í|ìQì{Ü���Í|È Ê®Ò Ì�Ó�ØqãäÍ|ô�Õ���Ê®Õ
Å�� \Í{Ê®Ç1É�ÆwÇ1È É�Ê®É�Ë�É�Ì�ÎwÍ|ç<é�Ë�Ò�ãäÌaÕ{çnáSÌ�È Ì Õ|ç�Ò�Ð{Ótá�ó(ö�Ü|í{Ü|à|÷|ì���Ë�â�Ç1Õ{Ó�á�Ë�È È Ê®Õ

Å����¥Ë���Ì.ó(Ç1ÊHô�Ì�çMÈ Ê®É�ÑFÓ���Ë�çMÐ{Õ|×�Ólé�Í|çMÉ�Ð åJÕ|ç�Í|ãäÊHÇ1Õÿß9þ|þMì|÷
Å��wð&Ì�ça×�Ê�é�Õ|É�Ê®Í|ÇqÕ|ã¥ÔSÒ ÒaÌ�ãäÌ�ç�Õ|É�Í|ç�ê&Õ|â Í|ç�Õ|É�Í|çaÑ�Ólõ�Õ{É�Õ|ô�Ê®Õ|Ó+Æwã®ãäÊ®Ç1Í{Ê®Èlë|ì|Þ|Ü|ì

Å�
 ó�ÇqÊ®ô�Ì�çMÈ Ê®É�Ñ3ÍMÎ<ð(ãäÍ|çaÊ®Ö|Õ|Ó��SÕ|ÊHÇ1Ì�È ô�Ê®ã®ãäÌ�Óhð(ãäÍ|çaÊ®Ö|ÕÝî|ß|ë|Ü{Ü
Å�� ê&Õ|â Í|ç�Õ{É�Í|çMÊ¥é¥Õ��aÊHÍ|Ç1Õ|ãäÊ�Ö|Ê�ð&ç�Õ|È Ò Õ|É�Ê®Ó�ÆwÈ É�Ê®É�Ë�É�Íué¥Õ��aÊHÍ|Ç1Õ|ãäÌXÖ|Ê�ð(Ê®È Ê®Ò Õ�é¥Ë�Ò�ãäÌ Õ|ç�Ì�Ó¥Æwö�ì{ì|ì|í|íuð&ç�Õ{ÈaÒ Õ|É�ÊHÓ�ÆwÉ�Õ|ãäÑ

æ���ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ�ÍMÎ��SÌ�Ç1Ì�ô�Õ|Óuå! �ö^Ü|ß|Ü|Ü"�SÌ�Ç1Ì�ô�Õ í{ÓtØ1Û�Ê®É#� Ì�çaãäÕ|Ç1Ö
æMÅ$�SãäÕ|È è�Í|Û ó(Ç1Ê®ô�Ì�çaÈ Ê®É�ÑFÓ%�SãäÕ|È è�Í|Û&�SÜ{ßÿ÷(')'�Ó<ó(Ç1ÊHÉ�ÌaÖ���Ê®Çqè�Ö|Í|×

æwæ  �Õ|çMô�Õ{ç�Ö/ó(Ç1Ê®ô�Ì�çaÈ Ê®É�ÑFÓuåJÕ|×�â�çaÊ®Ö|è�Ì�Ó��QÕ|È È Õ|Ò�Ð|Ë�È Ì�É�É�Èuì|ß|Ü|î|÷
æ ï���Ê®ô�Ê®È Ê®Í{ÇûÍMÎ� �Ê®è�Ð�ò�Ç1Ì�ç�è�Ñ�Ï�Ð|ÑFÈaÊHÒ�ÈaÓ��¥Ì�ÚRÕ|çaÉ�×�Ì�Ç1É�ÍMÎXÏSÐ|ÑFÈ Ê®Ò�È Ó

ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ�ÍMÎ	 �Ì�ãäÈ Ê®Ç*��Ê¥Õ|Ç1Ö% �Ì�ãäÈaÊHÇ*��Ê�ÆwÇqÈ É�Ê®É�Ë�É�ÌQÍMÎ�ÏSÐ|ÑFÈ Ê®Ò�È Ó}ð(Æwé¥ö^ì|ì|ì{Ü|í|Ó) �Ì�ãäÈ Ê®Ç*��Ê®Ó¥ð(Ê®Ç1ãäÕ{Ç1Ö



+

æ�úRó(Ç1ÊHô�Ì�çMÈ Ê®É�ÑÝÍMÎnÆwã®ãäÊHÇ1Í|Ê®È Ó�ó(çaâaÕ{Ç1Õ|ÓXÆwã®ãäÊ®Ç1Í{Ê®ÈQë|Ü|÷{ì|Ü
æ�� ÙJÐ{Ì�\Í|Ð{Ç1È, �ÍMÚ(��Ê®ÇqÈ�ó�ÇqÊ®ô�Ì�çaÈaÊHÉ�Ñ�Ótõ,Õ|ãäÉ�Ê®×�Í{ç�Ì�Ó	�QÕ{çMÑFãäÕ|Ç1Ö3ß|Ü|ß{Ü|÷

æ�� ÆwÇqÈ É�Ê®É�Ë�ÉSÎ.-Ë�çtò�ý�ÚRÌ�çMÊ®×+Ì�Ç1É�Ì�ã®ãäÌ/��Ì�çMÇµÚ�Ð|ÑFÈ Ê0��Óló(Ç1Ê®ô�Ì�çaÈ Ê®É�-Õ|É)��Õ{çMãäÈ çaËRÐ{Ì�ÓlþMë|Ü|ß{÷���Õ{çMãäÈ çaËRÐ{Ì�Ó��SÌ�ça×�Õ|ÇqÑ
æ1�� �Ê®è�ÐuòSÇqÌ�ç�è�ÑuÔ,Ò Ò Ì�ãäÌ�ç�Õ|É�Í|çXáSÌ�È Ì Õ|ç�Ò�Ð32Sç�è�Õ{Ç1Ê0� Õ|É�Ê®Í{Ç ø0��ò4�Sù�ÓtÙJÈ Ë5��Ë�âaÕ{Ó}ÆwâaÕ{ç�Õ���Ê¥î|ì|Þ|Ó)\ÕaÚRÕ|Ç

æ�
{åJÌ�Ç1É�Ì�ç+ÎwÍ|ç� �Ê®è�Ð¯òSÇqÌ�ç�è�Ñ¯Ï�Ð|ÑFÈaÊHÒ�È�6���ÑFË�Ç1è�ÚRÍ�Í���é¥Õ|É�ÊHÍ|Ç1Õ|ã�ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ�Ó
ÙRÕ|Ì è�Ë/þMì|ß|ödþMì|Ü{Ó	��Í|ç�ÌaÕ���ØqÌ Í|Ë�ã¥é�Õ|É�Ê®Í|ÇqÕ|ã�ó�ÇqÊ®ô�Ì�çMÈ Ê®É�ÑFÓtØqÌaÍ{ËRã�Ü|Þ|Ü{ö�þMí{ß|Ó
��Í|ç�Ì Õ��<ØqËRÇqè7��ÑFËRÇ8��Û�Õ|Ç ó�ÇqÊ®ô�Ì�çMÈ Ê®É�ÑFÓhØ1Ë�Û�Í|Ç*í|í|ì{ö�þMí{ë|Ó���Í|ç�Ì Õ

æ��aò�çaÇ1Ì�È É92SçaãäÕ|Ç1Ö|Í�ê&Õ|Û�ç�Ì�ÇqÒ Ìuõ,Ì�ç1��Ì�ãäÌ�Ñ�é�Õ|É�Ê®Í|ÇqÕ|ã�ê&Õ|â Í|ç�Õ|É�Í|çaÑ�Ó�õ�Ì�ç���Ì�ãäÌ�Ñ�Ó�åJÕ{ãäÊ Î Í|çaÇ1Ê®Õ�à|í9þMß|ì
ï�� ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ�ÍMÎ�êJÊHô�Ì�çVÚRÍ�Í|ãäÓ�êJÊ®ô�Ì�ç�ÚRÍ�Í|ã�ê
ë|à5þ1:=òSÓXó(Ç1Ê®É�Ì Ö���Ê®Ç1è�Ö{Í|×

ïaÅµó�ÇqÊ®ô�Ì�çMÈ Ê®É�ÑûåJÍ|ã®ãäÌ è�Ì�ê1Í|Ç1Ö|Í{Ç1Ó�ê1Í|Ç1Ö|Í{Ç üÝåJÜ|ò�ë|õ�ÙJÓ�ó(Ç1Ê®É�Ì Ö;��Ê®Çqè�Ö|Í|×
ïoæ åJÌ�ÇqÉ�ç�ÍuÖ|Ì�ÆwÇ1ô�Ì�È É�Ê®è�Õ|Ò�Ê®Í{Ç1Ì�Èhò�Ç1Ì�ç�è�Ì�É�ÊHÒaÕ{È��QÌ Ö|Ê®Í�Õ|×+â�Ê®Ì�Ç1É�Õ|ãäÌ�È�Ñ�ÙqÌ Ò�Ç1Í|ãäÍ�è�ÊHÒaÕ{ÈaÓ�ò�ö�ß|÷{ì|í|ì��<Õ|Ö|çaÊ®Ö|Ó�ØFÚRÕ|ÊHÇ

ïwï��QÕ|È È Õ|Ò�Ð|Ë�È Ì�É�É�ÈnÆwÇ1È É�Ê®É�Ë�É�Ì�ÍaÎ�ÙqÌ Ò�Ð|Ç1Í{ãäÍ�è�Ñ�ÓQåJÕ|×�â�çaÊ®Ö|è�Ì�Ó<�QÕ|È È Õ|Ò�Ð|Ë�È Ì�É�É�Ènì|ß|Ü{î|à
ï^ú ÆwÇ1È É�Ê®É�Ë�É�Ì$ÍaÎ<Ï�Õ|çaÉ�Ê®Ò�ãäÌ¦Ï�Ð|ÑFÈ Ê®Ò�È�6��QÒ��SÊ®ã®ã+ó(Ç1Ê®ô�Ì�çaÈ Ê®É�ÑFÓ	�QÍ|ÇqÉ�ç>=Ì�Õ|ãäÓ

åJÕ{Ç1Õ|Ö|Õ� �î|Ô ß�ÙJ÷��+Õ|Ç1Ö.ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ¦ÍaÎ�ÙqÍ|ç�Í|Ç1É�Í|Ó<ÙqÍ|ç�Í|Ç1É�Í{ÓnåJÕ|ÇqÕ|Ö|Õ��QÞ|ØÝÜ|Ô�þ
ï�� ó(Ç1ÊHô�Ì�çMÈ Ê®É�Ñ�ÍMÎ/�QÊ®Ò�Ð|ÊHè�Õ|Ç1ÓhÔ¤ÇqÇ.Ô¤çaâ Í|çaÓ9�<Ê®Ò�Ð|Ê®è�Õ|Ç*í|÷{Ü|ì|à

ï����QÊ®Ò�Ð{Ê®è�Õ|ÇûØ1É�Õ{É�Ì*ó�ÇqÊ®ô�Ì�çaÈaÊHÉ�Ñ�Óhò�Õ|È É�ê&Õ{Ç1È Ê®Ç1è�Ó��QÊ®Ò�Ð|Ê®è�Õ{Ç.í{÷|÷|ß|í
ï��Fó(Ç1ÊHô�Ì�çMÈ Ê®É�Ñ�ÍMÎXé�Ì�Û?�QÌ�ý�Ê®Ò Í|Ó�Ô¤ãäâ�Ë�@�Ë�Ì�çA@�ËRÌ�Óhé�Ì�Û?�<Ì�ý�Ê®Ò ÍÝ÷�þaÜ|î|Ü

ï�
 é¥Í{çMÉ�Ð|Û�Ì�È É�Ì�çaÇ ó�ÇqÊ®ô�Ì�çaÈaÊHÉ�Ñ�Ó�òSô�Õ{Ç1È É�Í|Ç1Ó�Æwã®ãäÊ®ÇqÍ|Ê®ÈXë|ì|ß|ì|÷
ï��|ÙJÐ|Ì32�Ð|Ê®Í3Ø1É�Õ|É�Ì.ó(Ç1Ê®ô�Ì�çaÈ Ê®É�ÑFÓ¦åJÍ{ãäËR×+â�Ë�ÈaÓ%2�Ð|Ê®Íÿí{î|ß|Ü|ì
úB��2C��Õ|ÑFÕ|×�Õ�ó�ÇqÊ®ô�Ì�çMÈ Ê®É�ÑFÓ�2C��Õ|ÑFÕ|×�Õ�þMì|ì|ö^÷|Þ|î|ì{Ó/\ÕMÚRÕ|Ç

ú�Å 2SÈ Õ���Õ åJÊHÉ�Ñ�ó(Ç1Ê®ô�Ì�çaÈ Ê®É�ÑFÓD2SÈ Õ���ÕûÞ{÷|÷|Ó/\ÕaÚRÕ|Ç
úMæ ó�ÇqÊ®ô�Ì�çMÈ Ê®É�Ñ¯ÍaÎ;2Sý�ÎwÍ|ç�Ö|Ó,2Sý�Î Í|ç�Ö"2>E¥Ü�î|áF �ÓQó(Ç1ÊHÉ�ÌaÖ���Ê®Çqè�Ö|Í|×

údï{ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ¯ÍMÎXÏSÕ{Ö|Í|ô�Õ|ÓtÆwÈ É�Ê®É�Ë�É�ÍÝé¥Õ�� Ê®Í{Ç1Õ|ãäÌuÖ|Ê�ð(Ê®È Ê®Ò Õ�é¥Ë�Ò�ãäÌ Õ|ç�Ì�Ó
Ø1Ì7� Ê®Í|ÇqÌ¯Ö|Ê�Ï�Õ|Ö|Í{ô�Õ|ö�ÙRç�Ì�Ç1É�Í{Ó<Æwö^î|Þ|Ü|î|ÜûÏ�Õ|Ö|Í{ô�Õ|ÓlÆwÉ�Õ|ãäÑ

úwú êJÏ�éG �òSÓ+ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ì<Ï�Ê®Ì�çaç�ÌXÌ�ÉH�QÕ|çaÊ®Ì¦åJË�çMÊ®Ì�I9Æwé¥ß|Ï�î|ödåJé¥á�ØqÓtó>�Qá+þMÞ|÷|Þ{Ó¥Ï�Õ|çaÊ®È Ó¥ð(ödþMÞ|ß|Þ{ß¦ð&ç�Õ|Ç1Ò Ì
úJ� ó(Ç1ÊHô�Ì�çMÈ Ê®É�Ñ¯ÍMÎXÏ�Ì�Ç1ÇqÈaÑFãäô�Õ|ÇqÊ®Õ|ÓtÏ�Ð|Ê®ãäÕ|Ö{Ì�ã Ú�Ð|Ê®Õ|Ó�Ï�Ì�Ç1Ç1È ÑFãäô�Õ|Ç1ÊHÕÝÜ|à{Ü|ì|í

úB� ÆwÈ É�Ê®É�Ë�É�Í3é¥Õ��aÊHÍ|Ç1Õ|ãäÌuÖ|Ê�ð(Ê®È Ê®Ò Õ¯é�ËRÒ�ãäÌ Õ|ç�Ì¦Ï�Ê®È Õ|Ó<ó�ÇqÊ®ô�Ì�çMÈ Ê®É�ÊHÌ�ÈQÍMÎ�Ï�Ê®È Õ|Ó
Ø1Ê®Ì�ÇqÕÝÕ|ÇqÖÿØqÒ�ËRÍ{ãäÕÝé�Í|ça×�Õ|ãäÌ�Ø1Ë�ÚRÌ�çMÊHÍ|ç�Ì�ÓlÆwö^Þ|ë|Ü|ß�þ�ÏSÊHÈaÕ{ÓtÆwÉ�Õ|ãäÑ
ú7� ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ�ÍMÎXÏSÊHÉ�É�Èaâ�Ë�ç�è�Ð|ÓlÏSÊ®É�É�È â�Ë�ç�è�Ð{Ó�Ï�Ì�Ç1ÇqÈ Ñ�ãäô�Õ|ÇqÊ®ÕÿÜ{Þ|ß|ë|ì

úJ
 ÏSË�ç�Ö{ËRÌ.ó(Ç1ÊHô�Ì�çMÈ Ê®É�ÑFÓ�ü�Ì�È Éhê&ÕMÎwÕ|Ñ�Ì�É�É�Ì�Ó�ÆwÇ1Ö{Ê®Õ|Ç1Õ3í�þMà{ì�þ
úJ�{ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ3ÍMÎQá�Í�Ò�Ð|Ì�È É�Ì�çaÓXá�Í�Ò�Ð|Ì�È É�Ì�çMÓ�é�Ì�ÛLK9Í{ç1�$Ü{í|ë|ß�þ

��� ÙJÐ|Ì�áSÍ�Ò7��Ì�ÎwÌ�ã®ãäÌ�ç3ó�ÇqÊ®ô�Ì�çaÈaÊHÉ�Ñ�Óhé�Ì�Û&K&Í|ç���Óhé¥Ì�Û&K&Í|ç��$Ü|ì{ì|ß|Ü
�aÅ ÆwÈ É�Ê®É�Ë�É�Í3é¥Õ��aÊHÍ|Ç1Õ|ãäÌ�Ö|Ê�ð(Ê®È Ê®Ò Õ3é�Ë�Ò�ãäÌ Õ|ç�Ì�ÓhØqÌ7�aÊHÍ|Ç1Ì�Ö|Ê�áSÍ|×+ÕÝÜ{Ó
ó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ�ÍMÎXáSÍ|×+ÌNMVê&Õ3Ø1ÕaÚ�Ê®Ì�Ç*� Õ|Ó�OuÆwö^ì|ì|Ü|÷|ÞÝáSÍ{×�Õ|ÓhÆwÉ�Õ|ãäÑ
�oædá�Ë�É�è�Ì�çMÈÝó(Ç1Ê®ô�Ì�çaÈ Ê®É�Ñ�ÓlÏ�Ê®È Ò Õ|É�Õ|Û�Õ|ÑFÓXé�Ì�ÛP\Ì�çaÈaÌ�ÑÝì|÷|÷|Þ{Þ
�wï ÙqÌ�ý�Õ|ÈnÔRQ)� ó(Ç1ÊHô�Ì�çMÈ Ê®É�ÑFÓuåJÍ|ã®ãäÌ è�Ì$ØqÉ�Õ|É�Ê®Í|ÇqÓuÙqÌ�ý�Õ|ÈÝþ|þM÷|í{î

�^ú�ÆwÈ É�Ê®É�Ë�É�Í¯é�Õ�� Ê®Í|ÇqÕ|ãäÌ�Ö|Ê�ð(Ê®È Ê®Ò Õ$é�Ë�Ò�ãäÌaÕ{ç�Ì�Ó<ó�ÇqÊ®ô�Ì�çMÈ Ê®É�Ñ�ÍMÎ�ÙqçaÊ®Ì�È É�Ì�I ó�Ö{Ê®Ç1Ì�Ó}ÆwÉ�Õ|ãäÑ
��� ó�ÇqÊ®ô�Ì�çaÈaÊHÉ�ÑÝÍMÎ¯ÙJÈ Ë5��ËRâ Õ|Ó�ÙJÈ Ë5��Ë�âaÕ{Ó�Æwâ Õ|ç�Õ���Ê�î{ì|Þ|Ó�\ÕMÚRÕ|Ç
���FÙqË�Î É�ÈÝó�ÇqÊ®ô�Ì�çMÈ Ê®É�ÑFÓ��QÌ ÖMÎ Í|ç�Ö|Ó9�QÕ|È È Õ|Ò�Ð|Ë�È Ì�É�É�È¦ì|ß|Ü{Þ|Þ

���FünÕ|È Ì Ö|Õ�ó�ÇqÊ®ô�Ì�çaÈaÊHÉ�Ñ�Ó$ÙqÍ���ÑFÍ.Ü{ë|à|Ó/\ÕaÚRÕ|Ç
��
 ünÕ|ÑFÇ1Ì$ØqÉ�Õ|É�Ì5ó�ÇqÊ®ô�Ì�çMÈ Ê®É�ÑFÓ���Ì�É�ç�Í|Ê®É�Ó��QÊ®Ò�Ð|ÊHè�Õ|Ç5í{÷|ß|ì|Ü
���{ó(Ç1Ê®ô�Ì�çaÈ Ê®É�ÑÝÍaÎ�ünÊ®È Ò Í|Ç1È Ê®ÇqÓ��QÕ|Ö|Ê®È Í|ÇqÓuü�ÊHÈaÒ Í|ÇqÈ Ê®Ç*Þ|î�þMì|ë
���$K9Õ{ãäÌ*ó�ÇqÊ®ô�Ì�çaÈaÊHÉ�Ñ�Ó�é¥Ì�ÛS �Õ|ô�Ì�ÇqÓ¦åJÍ{Ç1Ç1Ì Ò�É�Ê®Ò�Ë�Élì|ë|Þ{ß|ì

T�U)V�W�XBY>Z![G\*]�^`_Ca�bdc�e�egf�h8i4XB]�j�^`k�l�a�m`n�o
p X,\*]�XBj�XJl�W�W�q8X,r*]�j�W�j�X5V�]�s1qutvk�]9q*XwV�x5y�bz_{k|l*}|~�_`^`x�XBYu\>V�]�W�^`sB_`XBj9W�q>V�W�Y*XBs5V�y;W�kD\8q*k�W�k|l*j�V�W�V�q�V�Y8]�k�l

sBk�_`_`^`Y*XB]$m p X,�*j�X�V/j$V��	\*_`X�k�t<�>����XBW$���	^`j�j�^`l*};W�]$V�l8j�x�XB]�j�X,XBl8XB]�}�y�XBx�XBl5W�j�^`l��z���sJk�_`_`^{j�^`k|l*j;V�W�� �D�
n������H��XJi"W$V���XJl���^`W�q,W�q*X9��UC�;����Y8XBW�XBsBW�k|]$mH��V�l8Y*^`Y>V�W�X<XBx�XBl5W�j�V�]�X<j�XB_`XBsJW�XBY,�>V�j�XBY,k�l�W�q8X9V�]�]�^`x*V�_!W�^`�	X
k�tFW�q*X9\*q8k�W�k�l�V�W�W�q*X9Y*XJW�XBsBW�k�]$m��Hj�^`l*}�V�l�^`l5W�XB}|]$V�W�XBY;_`�*�	^`l8k�j�^`W�y�k|t�a|f�e�\*�C ¢¡Rk�tRsBk�_`_`^`j�^{k|l£Y>V�W$V�b���X
k��*j�XJ]�x�X;c9XJx�XBl5W�j$b4sBk|l*j�^`j�W�XBl5W���^`W�quW�q*X��>V�s1�5}�]�k|�*l8YuXBj�W�^`��V�W�X,k�t�n|m{¤�¥Ce.m`f/XBx�XJl�W�j$m p q*^`_`X�k|�*]�j�X5V�]�s1q
j�W�]$V�W�XB}|y/Y*kwXJjHl*k|WG]�XJ_{y/k�l,�	kwY8XB_`~�j�\.XJsB^`r*s�Y*y5l>V��	^`sBj$b8��X�j�XBWRsB]�k�j�jHj�XBsBW�^`k�l�_`^`�	^`W�jH^`l�VHj��*\.XB]�j�y5�	�	XJW�]�^{s
�	kwY*XB_(��^`W�q ¦C§ ¡�¨ � ©"V�l*Y/\8_AV�sBX)W�q8X)��k|]�_`Y*~ª�.XBj�W���a|«S��m ¬�mw_{k�CXB]F_{^`�	^`WFk�l�W�q*X ¦�§ ¡ ��V�j�j�k�tFn�e.n	®�XBi	¯1°�±V�WF²�³´Jµ ¶ �·aGl8j$m

¸8¹Gºz»F¼$½�¾R¿5À�ÁAÂ7ÃzÄ�Å�Æ Ç7È�Æ É4¾�ÊgÄ�Ë�Æ Ì7Í�Æ ÎÏgÊ*Ä�Å�Æ Ç7È�Æ�Ð!ÑgÊ8Ä�Ò�Æ Ç7Í�Æ ÓgÔ

ÕBÖ�×�Ø�Ù Ï × Â ×�Ø�Ú Á�Â?Û{Á Ú ¾ÝÜ�ÞC¼ × Ï7À�Á�Â ×�Ø Ô Ú Ûß¹ Ø�Ù À�¼�Â7ÊSà0ÞC¼ × Ï7À�Á�Â ×�Ø Ô Ú Û
á>Á × Â ØAÚ7â Ê�ãªÞ�¼ × Ï7À�ÁAÂ ×�Ø ÔäÓ × ¿�Á�À·å�Àæá>ÁA½�ç$À â�â À�ÂBÊéè$º Ú Á�¼�À â�â ÞC¼ × Ï7À�Á�Â ×�Ø Ô�Ê
ê ÞC¼ × Ï7À�Á�Â ×�Ø Ô Ú ÛGºgÔ$ë�Á�½�ÂBÊ�ìJÞ�¼ × Ï7À�ÁAÂ ×�Ø Ô Ú Û>í�½�¿ â�× ¼(Ê¢î�Þ�¼ × Ï7À�ÁAÂ ×�Ø Ô Ú Ûzï!å�ð
× ¼$¿�½�Á�ñ Ù Ê!òJÞ�¼ × Ï7À�ÁAÂ ×�Ø Ô Ú Û¢ó�À × å�À â ¿5À�Á�ñ�Êdô`ÞC¼ × Ï7À�Á�Â × å�õ7å9ö#¿5À�Á Ú õ7¾HÀ�Á ×�÷ õ7¼�õ�Ê

ø ÞC¼ × Ï7À�Á�Â ×�Ø Ô Ú Û�ù�õ7¼ ÷�Ù À�Â Ø À�Á7Ê�ú�ûCõ7ñ7õ7Â�õ7Ñ × ö#¼�Â Ø�×�Ø ½ Ø À Ú Û�¹�ë�ë â�× À�å�» ÷�× À�¼ ÷ À�Ê
ü Þ�¼ × Ï7À�ÁAÂ ×�Ø Ô	å�À�ý!Ï × À�å Ú Ê¢þCÞ�¼ × Ï7À�ÁAÂ ×�Ø Ô Ú Û�Ó Ú ¼�å Ú ¼(Ê�Ð!½�À�À�¼/ù�õ7ÁAÔ�º Ú7â ð
â À�ñ7À|Ê�ÿ|Þ�¼ × Ï7À�Á�Â ×�Ø Ô Ú Û!ºgõ â�× Û Ú Á�¼ × õ)»1õ7¼ Ø õ ºgÁ�½ � Ê����.À�ç$õ7Â��.À ÷�Ù ÞC¼ × Ï7À�Á�Â ×�Ø Ô|Ê



�

k�AFGq[MD�z�A�p}��ZR[�A�rRA�C1`Mp�i}EH`az¯¨�C�Gq@�pd`aGR`MAlx�z�Zq`aZqC�p�GRC=O¦PQEHpMpd�
EHC���`a[dGRC�pdrRA�[MpdAÝA�C�AF[d�R� Â	� 
�� Ä�����lGR`$DFZq@B@HEHO�AF[¯A�¼1xJAF[dEHP<A�C&`ap
GR[dA�pMA�C�pMEH`aEHrRAt`MZ<C=AFi x=z1�&pdEBD�p}��[MZqP GQi}EBO=A�r|Gq[MEHAF`w�nZq�SPQZ&O��
AF@Hp� ¸ �qEHC�DF@H?�O�EHC��+�RGR?=�RA�PQAFO=EBGq`aAFO�pM?�xJAF[dpd�1PQPQAF`M[M�t>�[dAFGq_&EBC��
Â g�e3k��lÄ� + �o;S�wCn`Mz�AFpdA�PQZ&O�AF@Hp�`Mz�A�@HEB�qz&`aAFpd`¤C�A�?�`a[dGR@HEBC=Z Â � ] T ÄO�A�DFG\�&p¤EBC&`MZhGhx�z�ZR`MZRC Â�� ÄJGRC=OnG�i�AFGq_&@B�lEHC&`aA�[MGqDF`aEHC��bI\pd`aGR>=@BA
�R[dG\r&EB`MEBC=Z Â � Ä�`az=GR`��qEBrqAFp}[dEBpdAt`aZ � 
 � >&�u@HAFG\r&EBC=�<`Mz�AlO�A�`aA�DF�
`aZq[�i}EB`Mz�ZR?�`¤O=AFxJZRpdEB`MEBC���GRC&�hA�C�AF[d�R�&;(W}z�A�ZR>=pMA�[Mr|GR`MEBZqC�Zq�=GRC
��� ����� 
 � D�GRC�O�EHO�Gq`aAlA�rRAFC&`}>&�¦`az�A � m�~�AF¼&xJAF[dEBPQAFC&`�O=?�[MEHC��
��?�C$�¥GR`�`az�Ah~
AF[dPQEB@HGR>¦WSA�r|GR`a[dZRC� � ��z�Gqp}EBC�D�[MA�GRpdAFO�`az�AtEHC��
`aA�[MA�pM`�EHCXA�¼&x
A�[MEHPQAFC&`aGq@1`MAFpd`ap¤Zq�=`az=EBp�D�@BGqpMp�Zq�=`az=AFZR[dEHAFp\;(e�ZqpM`
pd?�>�pdAF¾&?�AFC&`�pdAFGR[dD�z�A�p¥z�G\rqA���Z&DF?=pMA�O�ZqC�x�[dZRPQx�`M@B�ux�[MZ&O�?=DFAFO
x�z�Zq`aZqC�p� �JI! "�wIqz�Z\i�AFrRA�[�`Mz�A � ] T D�GRC�z=G\rRA�GX@BEH��AF`MEBPQAtZRC�`Mz�A
ZR[dO�A�[XZq��C�GqC�ZRpdAFD�ZRC�O�p<ZR[QPQZR[dA1;*W}z�EHpnEBpQ`az=A¦¨=[Mpd`QpMA�GR[dD�z
��ZR[�z�A�G\r1�&I�@HZRC=�R��@BEHrRA�Onx�GR[d`aEHDF@HAFp�`az�Gq`¥O=AFDFG\�<`aZXx�z�Zq`aZRC=p¥Gq`¥G
z�GqO�[MZqC�D�ZR@H@BEHO�A�[|;

y A}Zqx�`aEHPQEB��A}ZR?�[�pdAF@HAFD�`aEHZRC<[MA�¾&?�EB[dAFPQA�C1`Mp¤?�pdEBC��hG�g�e�k=�
PQZ&O�AF@bi}EH`az¦G�pd`aGRC=O�GR[dO�D�z�ZqEBD�A�ZR��x�GR[dGRPQAF`MAF[dp��#$�bGRC=Our|GR[d�
`az=A�r|Gq@B?�A�p�ZR�=`Mz�A � ] T PQGRpdpSGqC�O<@BEH��AF`MEBPQA1;S�+Z\i¥A�rRAF[\I�`az�A�¨�C=GR@
pdAFGR[dD�z*pd`a[dGR`MAF�R� EHpQD�z�ZRpdAFC*`MZ >
A¦pM?&%<D�EBA�C&`a@H�*�RA�C�AF[dGR@�GRC�O
EHC�O�AFxJAFC=O�AFC&`uZq�h`az�AÝpMxJAFD�EB¨=Dfg�e�k�� PQZ&O�AF@+O��&C�GRPQEHDFp¦`aZ
�&EBA�@BO¯[dAFpd?�@H`ap�`Mz�GR`�GR[dAhGRx�x�[dZ\¼&EBPQGq`aAF@H�nr|GR@HEBO¯��Zq[�GRC&��P<Z&O�A�@
x�[dZ&O�?�DFEHC��f`az�AÿpdGRPQAÝ[dAFD�ZRC�pd`a[d?�D�`aAFO ¨�C�GR@hpd`aGq`aAÿ`aZqx
Zq@BZq�R�
GRC=O3_&EBC=AFPQGR`MEBD�p' ("�w;h�wC*),+)¯DFZq@B@HEHpMEHZRC�p�GR`�`az=A<W,AFr|Gq`a[dZRC3`Mz�A
EHC�DF@H?�pdEBrqAûg�e3k�� x�[dZ&O�?�D�`aEHZRC�DF[dZRpdpQpMA�DF`aEHZRC�EHp�O�ZqP<EHC�Gq`aAFO
>&��x=GREH[3x�[dZ&O�?�DF`MEBZqC ZR�n�RGq?��REHC�Zqp|;#W}z�A*�qGR?��qEBC�Zqp¯O�AFD�G\�
x�[dZRPQx�`M@B�&I�[dAFpd?�@H`aEHC��3EHC*G�x=GREH[�ZR�}@HZRC=�R��@BEHrRA�O � ] T ¡ pXEHC*GqpMpdZR�
DFEHGR`MEBZqCQi}EB`Mz�ZR`Mz�AF[�¨=C�GR@�pd`aGq`aA�x=GR[d`aEHDF@HAFp�`Mz�GR`�D�GRCQ>JA�EBO=AFC&`aEH�
¨�A�OuGRpS�aA�`ap\;�~
ZR[�G�z=AFG\r&� � ] T O�AFD�G\�&EBC���EBC�pdEHO�A+`Mz�AtO�AF`MAFD�`aZR[\I
`az=A�x�z�Zq`aZqC�DFGqC�GR[d[MEHrRAhGq`�`Mz�A���GqDFA�Zq�¤`az�AXO�AF`MAFD�`aZR[+i}EB`Mz3G
`aEHPQA�O=AF@HG\�ÿ[dAF@HGR`MEBrqAu`MZÝx�[dZRPQx�`M@B� x�[dZ&O�?�D�AFO.x=z�ZR`MZRC�p\;ÝWSZ
z�G\rqA}�RZ&Z&OnpMA�C�pMEH`aEHr&EB`w�Q��Zq[�C�GqC�ZRpdAFD�ZRC�O���@HEB��A�`aEHP<A � ] T ¡ p� ("�wIqi¥A
pdAFGR[dD�zl��Zq[,A�rRA�C1`MpS`Mz�GR`�D�ZRC&`aGqEBClG�`aEHPQAF��O�AF@HG\�RA�Olx�z�Zq`aZqCSI � 
�� I
GRC=O.-/���aAF`{;¤W}z�EBp}EHp�A�¾1?=EBr|GR@HAFC&`�`aZQ[dAF¾&?�EH[MEHC��Q`az=GR`�GR`}@HAFGqpM`
ZRC=A�Zq�S`Mz�Ah@HZRC��q��@HEBrqAFO � ] T ¡ p�O�A�DFG\�&p�EBC=pMEHO�Ah`az=AhO�AF`MAFDF`MZR[\;

W}z�EBph�SAF`M`aAF[hpd?�PQPQGR[dEB��AFp0 12�¤`az=A<¨=[Mpd`tpMA�GR[dD�z3��ZR[tz�A�G\r&�1I
@HZRC��q��@HEBrqAFO5x�GR[d`aEHDF@HAFpn`Mz�GR`nO�A�DFG\�*`MZ x�z�ZR`MZRC�puGR`QG z�GRO�[dZRC
DFZq@B@HEHO�AF[\;�W}z=A�O�GR`MGlDFZqPQx�[MEHpdA���#�3�4 + � x�>65ST¤ZR��),+)XDFZq@B@HEBpdEHZRC�p
DFZq@B@HAFD�`aA�Ohi}EB`Mzh`az�A � m+~¦�a�(O�A�`aA�DF`aZq[,���3"�1GR`�7 8�9:��; 12 }W,AF�Q;
��[dAFr&EHZR?�p¥pMA�GR[dD�z�AFp���ZR[�C�GRC�ZqpMA�DFZqC�O���@BEH��AF`MEBPQA�x=GR[d`aEHDF@HAFp�?�pMEHC��
C�ZqC���`MEBPQEHC��Q`aA�D�z�C�EH¾1?=AFp��&EHAF@HO�AFO¦C&?�@B@�[MA�pM?�@H`ap<��2���o;

: ��?�@H@bO�AFpdDF[dEBx=`aEHZRCnZR�(`Mz�A � m�~û�a�¤O=AF`aA�DF`MZR[�D�GRC�>JA���Zq?�C�O
AF@HpdAFi}z�A�[MA���=3"�o;���A�[MA�i�A�>�[dEBA?>��hO�A�pMD�[MEH>
A�`az=A¥GqpMxJAFD�`ap�ZR��`Mz�A
O�A�`aAFD�`aZq[n[MA�@BA�r{GqC&`<`MZ `az�EHp�GRC=GR@H�1pdEHp|;.W}z�A¯PQGR�qC�AF`MEBD$pdx
A�DF�
`a[dZRPQA�`aAF[¥DFZqC�pMEHpd`ap�Zq�(`a[dGRD�_&EHC��hO�AFr&EHDFA�p�EHC�pMEHO�A+G + ��P2O�EBGqPQAF�
`aA�[|I&�R��P @BZqC���pd?�x
A�[MD�ZRC�O=?�DF`MEBC��upMZq@BA�C�ZREHO$P<Gq�RC�A�`�`az=GR`�Zqx��
AF[dGR`MAFp¤Gq`@�R; � W�;\:�CnA�EB�qz&`a��@BG\�qAF[�pMEH@HEBD�ZRCQPQEBD�[MZqpM`M[MEHxXO=AF`aA�DF`MZR[
GR[d[dG\�¯GRC�OûG + ;��µ��P @BZqC��¯O�[dEB��`XD�z�GRPX>
A�[hi}EB`MzA12 ¯@HG\�RA�[MptZR�
pdAFC�pdA}i}EB[dAFp¤PQA�GRpd?�[MA�`Mz�A�xJZRpdEB`MEBZqC ÂCBD � ÄbGRC=O<`MEBPQA ÂFE � ÄbZq�
`Mz�A
),+)lEHC&`aAF[dGRD�`aEHZRC��� ¸ ��GqC�OX`Mz�A}PQZRPQAFC&`MGhZR�=D�z=GR[d�RAFOXx�GR[d`aEHDF@HAFp\;
e�?�ZqC�p���[MZqP0D�ZR@H@BEHpMEHZRC=p�ZR[+DFZqpMPQEHDl[MG\�&p+GR[dAlEBO=AFC&`aEH¨�AFO3>1�$G

G Þ�¼ × Ï7À�ÁAÂ ×�Ø Ô Ú Û�ºgõ â�× Û Ú Á�¼ × õCö#Á�Ï × ¼�À|Ê"HAöJIdö�ºLK�ºz»1ö�ºgð0Þ�¼ × Ï7À�ÁAÂ ×�Ø õ Ø å�ÀLM¢õ â À�¼�ð
÷�× õ2NAÊ

pd�&pM`MAFP ZR��O=[MEH��`lD�z�GqP�>JAF[dphpMEH`a?�Gq`aA�OÿZq?�`apdEHO�AQ`az�A�D�GR@HZR[dEBPQA��
`MAF[dp EBC `az�A�[dAF�REHZRC i}EB`Mz x�pdAF?=O�ZR[dGRx�EHO�EH`w�PO QROTSU�";F�V��=�o;
W}z=AnDFGR@HZR[dEHP<A�`aA�[lDFZqC�pMEHpd`aphZR��x�[dZ\�aA�DF`MEBrqA<`MZ\i¥A�[Mp�i}EB`MzûAF@HAFDF�
`M[MZqPQGR�RC=AF`aEHD�GqC�O.z�GqO�[dZRC�EHD�DFZqPQx�GR[d`aPQAFC&`Mp|;3�w`XEHpQO�EHr1EHO�A�O
EHC&`aZ�G/DFA�C1`M[MGq@�>�Gq[M[dAF@X`az�Gq`3pd?�[d[MZq?�C�O�pÝ`az�A5pMZq@BA�C�ZREHO DFZqEB@
Â O QROWSX��;J��Ä�GRC�O¯Gnx�GqEB[+ZR��AFC=O���x=@B?��qp�`az=GR`�D�Z\rRA�[}`az�Al[dAF�qEBZqC
�";F�'SYO QRO�S + ;  b;<��ZR`az D�GR@HZR[dEBPQAF`MAF[dptGR[dAn?�pMA�O `aZ¯EHO�AFC&`aEH���
GqC�OfP<A�GRpd?�[dA�`Mz�A$AFC�A�[M�q�ûGRC�Ofx
ZqpMEH`aEHZRCfZR�+x�z�Zq`aZRC=p|I�AF@HAFDF�
`M[MZqC�p\I(�aA�`ap\I�GRC�O � 
 � ;�W}z�A3AF@HAFDF`M[MZqPQGR�RC=AF`aEHD¯DFGq@BZq[MEHPQAF`MAF[dp
i�AF[dA�[MA�DFAFC&`M@B��EHC�pd`a[d?�PQAFC&`aA�O$i}EB`Mz¦GnC=AFi pd�&pM`MAFP�I&`Mz�Ah��e��
W}EHPQEBC=��pd�&pM`MAFP Â D�ZRPQx�@HAF`aA�O3EHCÝ~
GR@H@ ¸ 323 � ÄZ�� + �oIJ`Mz�GR`�PQAFGR�
pd?�[dAFpX`az�A¦GR[d[MEHr|GR@�`MEBPQA¦ZR�}A�@BA�DF`a[dZRC=p�GRC=O*x�z�Zq`aZRC=pXEHC*AFGqD�z
`MZ\i¥A�[�i}EB`Mz[O QRO\S ¸ ;J����Zq[}GR@H@(AFC�A�[M�qEBA�p}GR>JZ\rRA^]_��g�AF�<;

W}z�A<`aEHPQAXGqC�O�xJZRpdEB`MEBZqC3ZR�¤Gq[M[dEHr{Gq@�Zq��`az�A<x�z�Zq`aZqC�GR`�`az�A
D�GR@HZR[dEBPQA�`aAF[\I E ¶ GRC�O BD ¶ I1GR[dA�?�pMA�O�`MZQpMA�x�GR[dGR`MA�`az=Ahx�z�ZR`MZRC�p
��[dZRP0`az�A�O�AFD�G\�1p�ZR��z�AFG\r&�&I&@BZqC��R��@HEBrqAFO � ] T ¡ p���[dZRP0x�[dZRPQx�`a@H�
x=[MZ&O�?�D�AFO�x�z�ZR`MZRC�p�ZR[�x�z�Zq`aZqC�p���[MZqP C�ZRC���DFZq@B@HEHpMEHZRC�pdZR?=[MD�AFp\;
y AhO�A�¨�C�Ah`az=AhDFZR[d[dAFDF`MAFO�GR[d[MEHr|GR@b`aEHPQAhZR�,`az�Ahx�z=ZR`aZqC�Gqp

Ea`¢cb E ¶ed E �fd
O BD ¶gd BD � O

h
;

W}z=A E `¢ O�EHpM`M[MEH>�?�`MEBZqC���ZR[�x�[dZRPQx�`a@H�¯x�[dZ&O�?�DFA�OSI
z�EH�Rz�A�C�AF[d�R�
x=z�ZR`MZRC�p¥EBphg�GR?�pdpdEBGqCni}EB`Mz�GlPQAFGqC�ZR�(��AF[dZl>&�XD�ZRC�pd`a[d?�DF`MEBZqC
GqC�O¦i}EB`Mz¦Gnpd`aGqC�O�Gq[MO�O�AFr&EHGR`aEHZRC¦`az=GR`}O�A�x
A�C�O�p�ZqC�@B�uZRC$`az�A
PQA�GRpd?�[MA�PQAFC&`�[dAFpdZR@H?�`aEHZRCXGRpdpM?=P<EHC���`az�Gq`S`Mz�A,),+)lx�[dZ&O�?�DF`MEBZqC
rqAF[d`aA�¼�z=GRp�>
A�AFC<DFZq[M[dAFD�`a@H��EHO�A�C1`MEB¨=AFOS;S��z=ZR`aZqC�p,��[MZqP z�AFG\r&�1I
@HZRC=�R��@BEHrRA�Onx�GR[d`aEHDF@HAFp�DFGqC�z�G\rqA�GR[d[dEBr|GR@J`aEHPQAFp�`az=GR`�GR[dA�PQGRC&�
pd`aGqC�O�Gq[MO�O�AFr&EHGR`aEHZRC=p}@BGq[M�qAF[�`az�GqC$�FAF[dZJ;

W}z�AhGqC�GR@H�&pMEHp�x�[MA�pMA�@BA�DF`MEBZqC�EHp}pM?=P<PQGq[MEH�FA�O�EHC$WSGq>�@BAh�F;,�w`
>JAF�qEBC=p�i}EH`azÿAFrqAFC&`aptx�GqpMpdEHC���GqC3ZqC�@BEHC�A&IJ`az�[dAFA���@HAFrqAF@�`a[dEB�q�RA�[
>&�fz�G\r&EBC=�ûG*x�z�Zq`aZRC DFGRC=O�EBO=GR`aA3EBC `Mz�A3[dAF�qEBZqC/O QROgSi��;J�
i}EH`az � ��j ¸ �ûg�AF� GqC�O � 
 ��j ¸ � g�A��<;�£lkQEHC�A1Ib`Mz�Anz�EH�Rz��
A�pM` � � x�z�Zq`aZqC DFGqC�O�EHO�GR`MAÝEHC `Mz�A ¨�O�?�D�EBGq@t[MA��REHZRC/Zq�l`az�A
D�GR@HZR[dEBPQA�`aAF[�EBp¦[dAF¾&?�EH[MA�O/`aZfz�G\rRA � �Yj + 3 g�A�� GqC�O/`aZ
x=GRpdp�`az�A�pM`MGRC�O�Gq[MO$x�z=ZR`aZqC¯EBO=AFC&`aEH¨�DFGq`aEHZRC¯[dAF¾&?�EH[MA�PQAFC&`ap< �2�
i}EH`az G*PQEBC�Zq[uPQZ&O�EH¨�DFGq`aEHZRCm�� � �w; y A3[dAF¾&?�EH[MA3`az�AÝAFrRA�C&`
`MZ*z�G\rqA � 
�� j + 3�g�A��#i}z�A�[MA¯`Mz�A3`M[MEH�R�qAF[�EHp.�=323on�AC%Q�
D�EBA�C&`{; y A�[dAF¾&?�EH[MAQGR`h@HAFGqpM`tZqC�A��aAF`li}EH`azpO Q\qsrut�OvS ¸ ; 3$GRC=O
� qsrut� j + 3�g�AF�w����2�o;�k�EHC�DFA}GhpdAFD�ZRC�O<x�z�Zq`aZRCQD�GRC<>
A}EHO�AFC&`MEB�
¨=AFO¦GRp�G��aA�`{I1`Mz�AtGRC�Gq@B�&pdEBp�EHp�pdAFC=pMEH`aEHrRA�`aZQpdEB�qC�GR`M?�[MA�p¥i}z=AF[dA
ZqC�A¦ZR[Q>
Zq`az � ] T ¡ pQO�A�DFG\�ûEHC�pdEBO�A$`Mz�A$O�AF`MAFDF`MZR[\;ûW,Z AFC�pd?�[dA
Guz�EB�qz�¾&?�GR@HEH`w� E � GRC�O BD � PQA�GRpd?�[MA�PQAFC&`{I�i¥AX[MA�¾1?=EB[dAhGurqAF[d�
`MAF¼�i}EH`az Gq`h@BA�GRpd` � `M[MGqD�_1p\I tyxyza{}|�~ ) �:j �=�ûg�A��Z� h IbGRC=O
O�� � OWS� !3hDFPT��`Mz�EHp�GR@HpdZhz�AF@Hx�p�`MZl[dAFO�?�D�A}C�ZRC=��D�ZR@H@BEHpMEHZRC<>�GqD�_1�
�q[MZq?�C�O�p\;b~
ZR[�AFrqAFC&`ap�i}EH`az<P�?�@H`aEHx�@HA�[dAFD�ZRC�pd`a[d?�D�`aAFO�rRAF[d`aEHDFA�p|I
i�A�x�EHD�_ `az�A�rRA�[M`MAF¼ÿi}EB`Mz*`az�A�z�EH�Rz�A�pM` tyxyza{�|�~ ) � ;�WSZ�[dAF�
O=?�DFAhD�ZRpdP<EHDt[MG\�u>�GRD�_&�R[dZR?=C�OSIqAFrqAFC&`ap�Gq[MAt[dAw�aA�DF`aA�O$EB�,`az�A�[MA
Gq[MA+z�EH`ap�EBC�GXPX?�ZRCuD�z�GRPX>
A�[¥`Mz�GR`�GR[dA�C�Zq`¥PQGq`aD�z�A�Ou`aZ<GRC&�
`M[MGqD�_�GRC=O�Gq[MAti}EH`az�EHC + 3o��ZR�,`az�Ahx�z=ZR`aZqCS;�:+��`aAF[�`az�AlGq>
Z\rqA
[dAF¾&?�EH[dAFPQAFC&`ap¥`az�A�[MA�GR[dA��!�RI 1 +q¸ AFrRA�C&`ap�EBC�`az�A�O�GR`MGXpdGRPQx�@HA1;

W}z�A�[MA�GR[dA�`wi¥ZtPQG\�aZq[,D�@BGqpMpdAFp�Zq�
>�GqD�_&�R[dZR?�C�O�AFrRA�C&`ap��(DFZq@B�
@HEHpMEHZRChGqC�OhC�ZRC=��D�ZR@H@BEHpMEHZRCtx�z=ZR`aZqChDFGqC�O�EHO�GR`MAFp\; � ZR@H@BEHpdEBZqChx�z�ZR�
`MZRC�p¥GR[dA}x�[dAFpd?�PQAFOQ`aZlD�ZRPQA���[dZRP pM`MGRC�O�Gq[MOQPQZ&O�AF@
EBC&`MAF[dGRDF�
`MEBZqC�p\I(A1; �J;HI ��� �aAF` � P<EHpdP<A�GRpd?�[dAFO � 
 � I�O�E �aAF` � PQEHpMPQA�GRpd?�[MA�O
� 
 � i}z=AF[dA�`az=A��aA�`+EHptP<EHpd��EHO�AFC&`MEB¨�A�O3Gqp+G � I
GRC=O���� ���
i}z=AF[dA�`Mz�AhAF@HAFD�`a[dZRC¦EBp}PQEHpM��EHO�AFC&`aEH¨�A�O¦Gqp}G � ;,�+ZRC���DFZq@B@HEBpdEHZRC



�

���C�"���"�J�"���$�J�����g�2�&�o�J�=�"���"���a� ���o�'�o�J�!�$�J�W�� }�J��¡o�J���J¡��o�¢�J£
¤l¥ ���J�"�o��¦§ ©¨�£

ª<«¬' ¤�e,®�XBi�b ª ® ¬  ¤�e,®�XBi a	¯%T�a°¯.o
± q8k�W�k�l/�7U"V�l*Y/r8Y*�8sB^AV�_Ab�² ³�²¢´3n�� e ¤|�	T�f°¯gouµ
®�kwkwY,x�XB]�W�X$¶¢b ·J¸J¹»ºJ¼°½|� ¬  n|a	®�XBi�¯�° ¤|n�T�f���o
² ³!¾�¿ · ²!´3c�� e.b ª ¾�¿ ·¬À ¤�e%®�XJi c	¯%T�f�f�o
�!k�j��	^`s<]$V�y�]�XB��XBsBW�^`k�l c|¤	T���Á|ouµ
�<�"�&�o�J�=�"���"���$�Z�¢Â©�$�"�gÃgÄo�$�J���JÅ��!�$�J���
ª ® ¬  ¯�e%®�XBi	b ª ¾�¿

·
¬À ¤�a�®�XJi c|n�T���c�o

ÆeÇ T ª ® ¬ bw�vXJW$o  nG]$V�Y n?Á�TuÁ���o
cGl*jÈ´�É « ã ´"n�e�l*j ��T�¤�¤�o

��[�Ê¢¬�Ë �7ZR��q8X�Y>V�W$V�j�XB_`XBsBW�^`k�l·sB]�^`W�XB]�^AV3V�l8Y"W�q*X�sJ�*���*_AV�W�^`x�X
V�l8Y�^`l*Y*^`x5^`Y*��V�_*]�XaÌ��8^`]�XB�	XBl5W4X$Í	sB^`XBl8sB^`XBj�tvk|] V�l�X$¶¢V��	\8_{X�®�ÎcÏ¢Ê
�	kwY8XB_>\.k�^`l5W�V�W�Ð ³´ µ ¶ �?n�e�e�®�XJi�¯1°�± V�l*Y%² ³´ µ ¶ �Na)l*j$mG��q8X XBt�~
r*sJ^{XJl*sB^`XBj _`^`j�W�XBYuV�]�X5b.^`l%}|XBl*XJ]$V�_Ab(��kwY*XB_`~ªY*XB\.XJl*Y*XJl�W	V�l8Y�q�V�x�X�V
tv]$V�sBW�^`k�l�V�_(�*l8sBXB]�W$V�^`l5W�y�k�t�n�eg«	m�Î�kwY*XJ_{~ª^`l*Y8XB\.XBl8Y*XBl5W4X$Í	sB^`XBl8sB^`XBj
V�]�X<^`l*Y8^`s5V�W�XBY,��^`W�q�V�l;V�j�W�XB]�^`j��¢m���q*X sJk�_`_`^{j�^`k|l�r8Y*�*sJ^�V�_!]�X$Ì5�8^{]�XJ~
�	XBl5WGk�tÑ² Ò ô ²�´ ��e9sB� ^`j)\�V�]�W)k|t�W�q8X }|kwkwY�x�XB]�W�Xa¶�]�X$Ì5�*^`]�XB�	XJl�W
T���a|«	oFV�l8Y/^`jGXJj�W�^{�,V�W�XBY�t�]�k��SY�V�W$V�m

>�GqD�_1�q[MZq?�C�O�p¦DFZqPQAÝ��[dZRP D�ZRpdPQEBDÿ[MG\�&p¦GRC�O >JAFGRP AFYJAFDF`Mp
`az=GR`�DFGRCux�[MZ&O�?=DFA�x�z�ZR`MZRC�D�GRC�O=EBO�Gq`aA�p|I � 
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ZR�+`az�A E `¢ O�EHpd`a[dEB>�?=`aEHZRC Â #2nQÄ+GRC=O5ZqC.`az=A¯x�z�ZR`MZRC5�wm AC%Q�
DFEHAFC=DF� Â ��nQÄa;¦£�`az�A�[tpMEH�RC�EH¨�D�GRC&`+D�ZRC&`a[dEH>�?�`aEHZRC=p�D�ZRPQAQ��[MZqP
?�C�D�AF[d`aGqEBC&`aEHAFp�ZRCnEHC�EB`MEBGq@=GqC�OQ¨�C�GR@
pM`MGR`MA}[MGqO�EBGq`aEHZRC Â + nQÄaI��aAF`
AFC=AF[d�R�ÿP<A�GRpd?�[dAFPQAFC&` Â + nQÄaI,GqC�O*`Mz�A�x=GR[d`aZRCûO=EBpd`a[dEB>=?�`aEHZRC
��?�C�D�`aEHZRC�p Â �2nQÄM;

y AQO�A�`aAF[dPQEBC=AX`Mz�AQ_1EHC�A�P<Gq`aEHDXGqC�O E `¢ pdAF@HAFD�`aEHZRCÝ[MA�¾1?=EB[dAF�
PQAFC&`ap�`az�Gq`�O�A�¨�C�A¯`az=A�¨�C�Gq@�O�Gq`aGûpdGRPQx�@HA¯>1�fZRx=`aEHP<EH�FEHC��
`az=AuAF¼&xJAFD�`aAFO.DF[dZRpdp�pdAFDF`MEBZqCû@BEHPQEB`Xi}EB`Mz�ZR?=`X@HZ&ZR_&EBC=�¯GR`�`Mz�A
O�Gq`aGQEBC¦`az=AhpMEH�RC�Gq@b[MA��REHZRCS;�WSZQD�ZRPQx�?�`MA�`Mz�AhAF¼&xJAFD�`aAFOñ12�on
DFZqC�¨�O�A�C�DFAh@HAFrqAF@ Â � ; ��;HÄ�DF[dZRpdp�pdAFDF`MEBZqC$?�x�xJAF[�@HEHP<EH`ò���("�wI=i¥A
DFZqP�>�EHC�A¤`Mz�A�x�[dAFO=EBD�`aAFO�g�e�k=�ÝpdEB�qC�GR@RGRC�Oh>�GqD�_&�R[dZR?�C�O�AFpd`aEH�
PQGR`MAFp¤i}EH`azQ`az�A�pd�&pM`MAFPQGR`MEBD�?�C�D�AF[d`aGqEBC&`aEHAFp¤?=pMEHC��tG+��G\�qAFpdEBGqC
PQAF`Mz�Z&OXi}EH`azXG@>�Gq`Sx=[MEHZR[���=1"�w;�W}z�A�A�¼1xJAFD�`aA�O�@HEBPQEH`ap¤GR[dA�Zqx��
`aEHPQEB��AFO�>&�$pdEBPX?�@B`MGRC�A�ZR?�pd@H��r|GR[d�&EBC=�n`az�AXpMA�@BA�DF`aEHZRC3[MA�¾1?=EB[dAF�
PQAFC&`ap$��Zq[ � 
 � I�x�z�Zq`aZqC � � I��aA�` � � I�GR��EBPX?�`az GRC��q@BAÝ>
A��
`wi�AFAFCu`az�A+@BA�GRO�EHC����aA�`¥GqC�O � 
 � ÂJó�ô�Âu� 
 � Iµ�aA�`{ÄaÄMI1GRC�O E `¢ ;SW}z�A
ó�ô�Âu� 
 � I1�aA�`{Ä¥[dAF¾&?�EH[MA�P<A�C&`+[dAw�aA�DF`aphA�rRA�C1`Mpti}z�AF[dAQ`az�A � 
 � EHp
Z\rRA�[MA�pM`MEBPQGq`aAFOÝ>
A�DFGq?�pMAQZq��G$x
Z&Zq[M@H��PQAFGqpM?�[dAFO��aAF`|; y z�EB@HA
AFGqD�z¯x
ZqEBC&`+EBC � ] T @HEH��AF`aEHPQAXr&p\;}PQGRpdp�pdx�GqDFAl�qEBrqAFp�G�pM@HEH�Rz&`a@H�
O�EHY
A�[MA�C&`�ZRx=`aEHP<EH�FGq`aEHZRCSI=i�AlD�z�Z&ZRpdAlG�pdEBC=�R@HAlpMA�`�Zq�¤[MA�¾1?=EB[dAF�
PQAFC&`ap+>
A�DFGq?�pMA�EB`+pMEHPQx�@BEH¨�A�p+`Mz�Al¨�C�Gq@SGqC�GR@H�&pMEHp\I&i}z�EH@BAXZRC�@H�
DFGq?�pdEBC��+G+pdPQGR@H@&@BZqpMp�ZR�=pMA�C�pMEH`aEHr&EB`w�&;�W}z=A¥Zqx�`aEHPQEB��AFO<[MA�¾1?=EB[dAF�
PQAFC&`ap¤Gq[MA�pd?�PQP<Gq[MEH�FA�O�EHCQWSGq>�@BA��F;�:�p¤GRC<AF¼&GqP<x=@BA&I|`az�A�GqDF�
DFA�x�`aGqC�DFAh��Zq[là âã µ ¶ 9w��3!3�g�AF�Z� h KhGRC=O�@HEB��A�`aEHPQA�õ âã µ ¶ 9:�QC�p
EHp}AFpd`aEHP<Gq`aA�O¦`MZn>
A Â  J; + 4_3b;  bÄ°nQ;

:���`aA�[�GR@H@}_&EBC=AFPQGR`MEBD$[dAF¾&?�EH[MA�P<A�C&`ap\I��23!(ÝA�rRA�C1`MpnGR[dA�Zq>��
pdAF[drRAFO¦EHC¯`az�AXO�GR`MGn>
A���ZR[dAh`az�Al¨=C�GR@SpMEH�RC�Gq@�[dAF�REHZRC¦`aEHPQAl[dAF�
¾&?�EH[MA�P<A�C&`{;ÿW}z�A�EB[<`aEHPQA¦O=EBpd`a[dEB>=?�`aEHZRC5EBpQpdz�Z\i}C*EHC.~�EB�b;_�R;
£�?�[,¨�`,`aZ�`az�A�O�GR`MG+Zq?�`apdEHO�A�`Mz�A�pMEH�RC�Gq@q[dAF�qEBZqChx�[dAFO�EHDF`Mp,`MZR`MGR@
>�GqD�_1�q[MZq?�C�O�p+ZR�ö b; ¸ 4 + ; ����[dZRP�DFZqpMPQEHDX[dG\�&p|I� b; (�4 � ; 1���[MZqP
>JAFGRP z�Gq@BZ5>�GRD�_&�q[MZq?�C�O�pMZq?�[dDFAFp\I¥GRC�O `az�Aÿ[MA�pM`u��[MZqP `Mz�A
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�>�7® m�c|Z(��q8XCsJk�l5W�k��8]�j¢k|t�sJk�l*j�W$V�l5W���a|«���m ¬�m1�*\8\.XB]¢sJ]�k�j�j!j�XJsBW�^`k�l
_{^`�	^`W�jRtvk|]�V�®�ÎcÏ¢Ê��	kwY8XB_�ú`f°ûAm

pd`aGqC�O�Gq[MOlPQZ&O�A�@o;��wC�pMEHO�A�`az�A�pdEB�qC�GR@1`aEHPQA�[dAF�qEBZqCSI!Ö ¸ IW�=3�×¤C=p|I
i�A¦x�[MA�O�EHDF`T�R; ¸ ��4_3J;  2 �A�rRAFC&`Mp��03J;�#2�"4_3b;  !3���[dZRP pd`aGRC=O�GR[dO
PQZ&O�A�@oI�3b; �  �4_3b; ¸  ���[dZRP D�ZRpdPQEBDh[dG\�&p|I1GqC�O�3J; 3�#"4_3b; 3!����[dZRP
>JAFGqP z�GR@HZJ;�W}i¥Z�AFrqAFC&`ap+GR[dA�ZR>=pMA�[MrqAFO¯EHC�`az�A<O�Gq`aGJ;�k�EHC�DFA
`Mz�A�[MA�pM?�@H`�EBp�DFZqC�pdEBpd`aA�C1`�i}EH`azu`Mz�AtC�ZR��pdEB�qC�GR@Jz&�1xJZR`Mz�AFpdEHp|Iqi�A
pdAF`S@BEHPQEB`Mp�ZRCl`Mz�A � ] T @HEH��AF`aEHPQA¥GqC�O�PQGqpMp\;(~�EH�R?�[dA ¸ pdz�Z\i}p,`az�A
D�ZRC&`aZq?�[dp�Zq��D�ZRC�pd`aGqC1`_1!��n � ; ��;&D�[MZqpMp�pdAFD�`aEHZRC¦?�x�xJAF[}@HEBPQEH`{;
~�EH�R?�[dA + pdz�Z\i}pt`az�AQA�¼1D�@B?=pMEHZRCÝ[MA��REHZRC3Gq`@1!��n � ; ��;HIbGR@HZRC=�
i}EH`az3`az�A<AF¼&xJAFDF`MAFO�@HEHP<EH`���ZR[�DFZRPQx�Gq[MEHpdZRCS;�W}z�EHp�`aGR_qAFp+EBC&`aZ
GqDFD�ZR?�C&`t`az�Anx=[MA�O�EBD�`aA�Oÿx=[MZ&O�?�D�`aEHZRCÿDF[dZRpdptpMA�DF`aEHZRC Gq`�C=AF¼&`a�
`MZR��@BA�GRO�EHC��¦ZR[dO�AF[0 ¸ 3"��GRpti¥A�@B@�GRpt`az�An?=C�DFA�[M`MGREHC1`MEBA�phZRCÿ`az�A
x=GR[d`aZRC¦O�EHpM`M[MEH>�?�`MEBZqC¯��?�C�D�`aEHZRC�p Â  �nQÄ�GqC�O$`az�Al[dAFC=ZR[dP<Gq@BEH�FGq�
`MEBZqC pMD�GR@HA Â ¸ n<ÄM; k�EHC�DFA�`Mz�A3C&?�PX>
A�[�ZR�tZq>�pMA�[MrqAFO�AFrqAFC&`ap
EHp$GR>JZ\rRAÿAF¼&xJAFDF`MGR`MEBZqC�p|I�`az=AÿZq>�pdAF[drRAFO @BEHPQEB`Mp¯GR[dAÝpd@BEH�Rz&`M@B�
i�ZR[dpdAX`Mz�GRC `az=AnAF¼&x
A�DF`MAFO @BEHPQEB`Mp|;nW}z�AFpdAn@BEHPQEB`MplAF¼&`MAFC�O GR`
@HGR[d�RA�P<GqpMpdAFp¥>
A��RZqC�On`az�ZqpMA+ZR�(�S���*pdAFGq[MD�z�A�p�?�pdEHC��lx�z�Zq`aZqC
ü x
ZqEBC&`MEBC��!ýXPQA�`az�Z&O�pò��2���o;

�wCûDFZqC�DF@H?�pdEBZqCSI�i¥A�z=G\rRAnxJAF[d��ZR[dP<A�Oû`az�Au¨�[Mpd`lpdAFGq[MD�z ��ZR[
z=AFG\r&�1I�@HZRC=�R��@BEHrRA�O x�GR[d`aEHDF@HAFp¦`az�Gq`�O=AFDFG\��`MZ5x�z=ZR`aZqC�p¦GR`¦G
z=GRO�[dZRCfDFZq@B@HEBO=AF[�?�pdEHC��*O�Gq`aGûDFZq@B@HAFD�`aA�Ofi}EH`az `az�A��¥e�W}EHP<�
EHC��¯pd�&pM`MAFP GR`l`Mz�A � m�~��M�hO�AF`MAFDF`MZR[\;�W}z=AF[dAnEBpXC�Z¯AF¼&DFA�pMp
Zq��AFrqAFC&`apQ>JAF�qZRC�O5AF¼&x
A�DF`MGR`aEHZRC=p|; :+pQZR?�[QpdAFGR[dD�z*pd`a[dGR`MAF�R�
O=Z1A�p¤C�ZR`�[dAF@H�lZRC<AFrqAFC&`�x�[dZRxJAF[d`aEHAFp¤pdx
A�DFEH¨�D�pMZq@BA�@B�l`MZ�g�e�k��
PQZ&O�A�@Bp\I�i�A�D�GRC�A�¼1D�@B?=O�A�GRC&� �ö� �aA�` �È� 
�� pdEB�qC�GR@
`az�Gq`�i�ZR?�@HO
x=[MZ&O�?�D�A¥PQZq[MA�`az�GqC<�b; ��AFrqAFC&`ap\; y A�pMA�`,D�[MZqpMp,pdAFDF`MEBZqC�@HEBPQEH`ap
?=pMEHC��$G¯pM?=x
A�[Mpd�&P<PQA�`a[dEBDQPQZ&O�AF@�i}EH`az � ] T � � � I�GRC�O ¨�C=O
G g�e3k�� AF¼&DF@H?�pdEBZqCf[dAF�qEBZqC�EBC `Mz�A � ] T @BEH��AF`MEBPQA3r&p\;�P<GqpMp
x=@BGqC�Aui}EH`az5`az�A¦i¥Zq[M@HO���>
A�pM`<12��n � ; ��;S@HZ\i¥A�[l@BEHPQEB`QZqC*`az�A
� ] T PQGqpMp�ZR�Z�=3���g�A��Z� h KXGq`Ñõ âã µ ¶ 9þ��C�p|;+~
?�`a?�[dA<EBPQx�[dZ\rRA��
PQA�C1`MpQi}EB`Mz5pdEBPQEH@BGq[Q`aAFD�z=C�EB¾&?�A�pnpMz=ZR?�@HO.Gq@BpdZ3x�[dZ\r&EBO=A�pdAFC��
pdEH`aEHr1EH`w�.`MZûC�AFi x�Gq[M`MEBD�@BA¯O�A�DFG\�&pni}EH`az GûO�A�@BG\�qAFOfAF@HAFDF`M[MZqC
pdEH�RC�Gq`a?�[dA' ¸ �o;¥����`Mz�AlA�C�O�ZR����?=C¯�a�FI9GqC¯EBC&`MAF�R[dGR`MAFO$@H?�PQEB�
C=ZRpdEB`w�lZq�ÿ�=3���>ÿ5�T,EHp¤x
ZqpMpdEB>=@BA���ZR[¤i}z=EBD�z<i¥A�A�pM`MEBPQGR`MA}GtP<GqpMp
[dAFGqD�zuZq���þ� � 3¯g�AF�@� h KhGq`}GQ@BEH��AF`MEBPQAhZR�ÿ�QC�p\;
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)-1+1jet analysis with EMTiming (570 pb
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�>�7® m(¤|Z!��q*XHXa¶�sJ_{�8j�^`k�l/]�XJ}�^`k�lDV�W<�|a�«P��m ¬�m(V�j�VRtv�8l*sBW�^`k|l�k|t ¦�§ ¡_`^`tvXBW�^`�	X/V�l8Y���V�j�jGtvk|]	V�®�ÎcÏ!Ê���kwY*XB_vú{f°û�m4��q*X \*]�XJY*^`sBW�XBY�V�l*Y
W�q*X k|�*j�XB]�x�XBY�]�XB}|^{k|l*j�V�]�X<j�q*k��l�j�XJ\>V�]$V�W�XB_`y�V�l*Y;V�]�X�sJk��	\�V�]�XBY
W�k<W�q*XR�	k�j�W�j�W�]�^{l8}�XBl5WC\*�*�8_`^{j�q8XBY�_`^{��^{W�tv]�k��N¬�Ë ± j�X5V�]�s�q*XJjZú{n|n ûAm

y A¦`az�GqC�_û`az=A�~
AF[dP<EH@HGR>.pd`aGqY5GqC�O.`Mz�A¦`aAFD�z=C�EBD�GR@�pd`aGRYJp
ZR��`az�AQx�Gq[M`MEBD�EBx�Gq`aEHC��uEHC�pd`aEH`a?�`MEBZqC�ph��ZR[�`az=AFEH[�r&EH`aGq@,D�ZRC&`a[dEH>�?��
`aEHZRC=p|;SW}z�EHp�i¥Zq[M_Qi�GRp�pM?�x=x
Zq[M`MAFOu>&�Q`az=A ¬ ; k,;Rm�AFx=GR[d`aPQAFC&`
ZR����C�A�[M�q�¦GqC�Oÿ��GR`MEBZqC�GR@,k�D�EBA�C�DFAQ~=Zq?�C�O�Gq`aEHZRC6�(`az�AQ�w`aGq@BEHGRC
�wpd`aEH`a?�`MZ ��GR��EBZqC�GR@HA O�El~�EHpMEHDFG���?=DF@HAFGR[dA¢��`az=Aûe�EBC=EBpd`a[d�/ZR�
��O=?�DFGq`aEHZRCSI � ?�@H`a?=[MA&I�k�xJZR[d`ap\I,k�DFEHAFC�D�A�GqC�O*W,AFD�z�C=ZR@HZR�R�ÿZR�
N1GRx�GqC6��`Mz�A$��Gq`a?�[dGR@�k�D�EBA�C�DFA�p<GqC�Of��C��qEBC�A�AF[dEBC=�3��A�pMA�GR[dD�z
� ZR?=C�DFEH@�ZR� � GqC�GRO�Go�
`az�AQ��Gq`aEHZRC�Gq@Sk=DFEHAFC�D�A � Zq?�C�DFEH@�ZR��`Mz�A
��A�x�?�>�@HEBDuZR� � z�EBC=G��S`az�Ank=i}EBpdpl��Gq`aEHZRC�Gq@�k�D�EBA�C�DFAn~
ZR?�C�O=GR�
`aEHZRCÿ�R`Mz�A�:<; ��;�k�@HZRGqC�~=Zq?�C�O�Gq`aEHZRC6�q`Mz�A���?�C�O=AFpdP<EHC�EHpM`MAF[dEB?=P
�d§?�[Q��EB@HO�?�C=�Ý?�C=O.~=Zq[MpdD�z&?�C��bI�g�A�[MPQGqC1�L��`az�A$shZR[dAFGqCûk�DFEH�
AFC=DFA�GqC�O���C��qEBC�A�AF[dEBC=�ÿ~
ZR?�C=O�GR`MEBZqC GRC�O `Mz�A�shZR[dAFGqC5��AF�
pdAFGR[dD�z¯~=Zq?�C�O�Gq`aEHZRC6�J`Mz�A��¤Gq[M`MEBD�@BA���z&�&pMEHDFp+GRC�OÝ:�pd`a[dZRC�ZqP��
��A�pMA�GR[dD�z � ZR?�C�D�EB@qGRC�O�`az�A���Z\�RGq@�k�Z&DFEHAF`w�&I ¬ s'�F`az�A���?�pdpMEHGRC
~=Zq?�C�O�Gq`aEHZRCQ��ZR[���GqpMEHD}��A�pMA�GR[dD�z6�|`az=A � ZRPQEHpMEF«ZRCQ�wC&`aA�[MPQEHC�EBpd�
`aA�[MEHGR@bO�A � EHAFC�D�EBGQ�nW,AFD�C�ZR@HZR�=«´ GbI�k=x�GREHC6�1EHC�x�Gq[M`�>&��`az=A��¥?��
[dZRxJAFGRC � ZRPQP�?�C=EB`w��¡ pX�+?�PQGRC*�¤Zq`aAFC&`MEBGq@¥�¥[MZq�R[dGRPQPQA<?=C��
O�A�[uDFZqC&`a[dGRDF`n�+�����+� � W}� ¸ 3!3 ¸ �}3!3 ¸ 1 ¸ �¥GRC=O `az�AÝ:�DFGqO�AFPX�
ZR�,~�EBC=@BGqC�OS;

ú`n	û p XF�*j�X�VFsBy5_`^`l*Y8]�^{swV�_.sBkwk|]�Y*^`l>V�W�XHj�y5j�W�XB�æ^{l���q8^{s�q�W�q*XR\*]�k|~
W�k|l��.X5V��PW�]$V�x�XJ_{j V�_`k�l8}�W�q*XlÒ�~1V°¶5^`j$b���^`j�W�q8XG\.k|_�V�]�V�l8}�_`X5b Ç

^`j�W�q8X�V��B^`���*W�q�V�_>V�l*}|_{Xwb.V�l*Y�³�����_`lFW$V�l�T�� ® c�o�m$��q8XFW�]$V�l*j�~
x�XJ]�j�XHXBl8XB]�}�y%V�l*Y��	k���XBl5W��*� V�]�XHY8XBr*l8XBY�V�j ª ¬ � ª j�^`l��V�l*Yé� ¬ �L�>j�^`l�����q*XB]�X ª ^`j�W�q*X�XBl8XB]�}�y��	XwV�j��*]�XJYé�5y
W�q8X/s5V�_{k|]�^`�	XBW�XB]�V�l8Yu�%W�q*X��	k��	XJl�W��8� �	XwV�j��*]�XJY�^`l�W�q*X
W�]$V�s1�5^`l*}�j�y5j�W�XB�,m ª ® ¬ � ²�� ô ª ô¬��� ô ²g��q*XB]�X �� ô ^{j�V �8l*^`Wx�XJsBW�k�]FW�q>V�WF\.k�^`l5W�jGt�]�k�� W�q*X)^`l5W�XB]$V�sBW�^`k�l,x�XB]�W�Xa¶9W�k�W�q8X��#W�q
s5V�_`k�]�^`�	XBW�XB]GW�k��XB]F^`l�W�q*XHW�]$V�l*j�x�XB]�j�X \*_AV�l8X5m

ú`c°û���m5¬�mw�gXBl8}.bw[�m! GV7��V�]$V���V�luV�l*Y��Rm5�FV��gV�y(V���V�b ± q5y5j$m! zXBx¢m
U#"%$(bdeg��¤|a�e�¯�T�c�e�eg¤�o�hvÎ,m&��mLÏ$W�]$V�j�j�_{XJ]/V�l*Y('9mLÎ,m&)w�*]�XJ�!b
V�]+*H^`x¢Z q8XB\*~ª\8q>¯�eg��ega�n��|¤�m

ú`¤°ûZÏ8m�[G� �8]�k�j$V�l*^`k Ì�ÉlÕ|ã-, b ± q�y5j$m� >XBx¢m U/.%0(b�a�¤��|auT�n|�����|o�h
��m21	m¢�!q8XBl�V�l8Y3��m8�Rm¢®��*l8^{k|l>b ± q5y5j$m4 >XBx¢m¢U5.%$(b8egf�a�e|e.a
T�n|����Á|o�m

ú ¯�û��Rm�[H�.X Ì�ÉSÕ{ã-, T���UC�é�!k|_`_�V��.k�]$V�W�^{k|l>o�b ± q5y5j$m6 zXJx!m�¬¢XBW�W$m7$%8.b
n|f���n�T�n|����Á|oGV�l*Y ± q5y5j$m9 zXBx¢mdU5.%:.b5eg��c�e|e.c�T�n��|���|o�m
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